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Pesticides used improperly can be injurious to human beings, ammais, 
and plants. Follow the directions and heed all precautions on labels. Store 
Pesticides in original containers under lock and key—out of the reach of 
children and animals—and away from food and feed. 

Apply pesucides so that they do not endanger humans, livestock, crops, 
beneficial insects, fish, and wildlife. Do not apply pesucides where there 
is danger of drift when honey bees or other pollinating insects are visiting 
plants, or in ways that may contaminate water or leave illegal residues. 

Avoid prolonged inhalation of pesticide sprays or dusts; wear protective 
clothing and equipment, if specified on the label. 

If your hands become contaminated with a pesticide, do not eat or drink 
until you have washed. In case a pesticide is swallowed or gets in the eyes, 


follow the first aid treatment given on the label, and get prompt medical 
attention. If a pesticide is spilled on your skin or clothing, remove clothing 
immediately and wash skin thoroughly. 


NOTE: Some States have restrictions on the use of 
certain pesticides. Check your State and local reguiauons. 
Also, because registrations of pesticides are under constant 
review by the U.S Environmental Protection Agency, 
consult your local forest pathologist, county agriculture 
agent, or State extension specialist to be sure the intended 
use is sull registered. 





FPM 94-9 
SRI-APC-93-597-6819.7 
March 1994 


Specialized Laboratory Support 
(Task TA-31) 
Droplet Evaporation 


Prepared by 


Bradford P. Gay 
Donald P. Segers 


U.S. Army Dugway Proving Ground 
Dugway, UT 


Contract No. DAAD09-89-D-0005 
Delivery Order No. 0007 


Contracting Officer’s Representative 


Kenneth Chinn 


Project Officers 


Harold Thistle 
Robert Ekblad 


USDA Forest Service 

Missoula Technology 
Development Center 

Missoula, MT 


Published_by 


USDA Forest Service 
Forest Pest Management 
2121C Second Street 
Davis, CA 95616 
(916)758-4600 

FAX (916)757-8383 


PREFACE 


This project was initiated under the technical coordination of Robert Ekblad, 
USDA Forest Service (Ret.) in cooperation with Kenneth Chinn, U.S. Army Dugway 
Proving Ground (DPG). The USDA Forest Service (FS) and the industry-based Spray 
Drift Task Force shared a need for evaporation data on specified tank mixes. DPG had 
an existing contract with the Southern Research Institute as a source for evaporation 
determinations on a task order basis. The FS and SDTF joined with DPG to initiate 
this project recognizing the potential dollar savings in sharing Federal sponsored 
technology. While this joint venture did not realize its full potential due to technical 
challenges, it nevertheless was a success and clearly demonstrated the economies of 
Federal/Industry cooperation. The USDA Forest Service extends its appreciation to 
Kenneth Chinn and the U.S. Army and to the Spray Drift Task Force for cooperation 
and innovation in pursuit of spray droplet evaporation technology. 


SRI-APC-93-597-6819.7 


SPECIALIZED LABORATORY SUPPORT 
TASK ™A-31 -- DROPLET EVAPORATION 


Data Report 
to 


U.S. Army Dugway Proving Ground 
Dugway, Utah 84022-5000 


Submitted by: 


Bradford P. Gay 
Donald P. Segers 


Contract No. DAADO9-89-D-0005 
Delivery Order No. 0007 


SOUTHERN RESEARCH INSTITUTE 
2000 Ninth Avenue South 
Pa) pO ou 
Birmingham, AL 35255-5305 


dau y 15,1993 
Project 6819.7 















werrac? 
Jed -(#R-£0-2GK- Te 
ee nw te to he epee pf eee a Sy 
USDA Pape Soho (Ress & axons ous F +e we 1s 4e@, i y 
Morr Coed ris, Te a. Fe tee (en te enpgyoe ~s . 


—_ 


Tee fad Meee ves 2 GE Py, OF CRewy. i —— eh Gue 2 
utes, COR ji ae Vater ire Se >. om 

ep hentds Ol 6 oc ORTH WwTAToca est lf A. aa 
Die Cog t geregeal TAME MA TION AS-NT TPOe sae meen 


o caaigy Wiel Git inet. tet PH OO  @ P 


po nett a A 5a ebb het Aeros oi 
a lo tubes a3eT) “ore Y Cg 
epi OR an Sl eee Ge a le be “ , : j 
ab anetein bs aed: of cacy el Ah “coqnnntrsa eho 


brat? gaivos! yewgi yotA .2.0 © 
ORGE-Sh0ee dag ,yewgud Y 


‘yd Sesciwdue 


Yad 1 bacdbard 
Zan ot q blew 0 


~ROUAAG .of aoe tanod 
0 yelir0 yar) ded 


~— 


sa Sy SS SS a SS SSS SSS SS SS 


Nm 


ee ee es lo > Wo to te be to be bs es ke be bo be be 


ONAN F WHE OnymNaAMNFWNHPeE 


OyYAHAMHFWNHe 


TABLE OF CONTENTS 


INTRODUCTION. 
BACKGROUND. 
OBJECTIVES. 
SCOPE OF WORK . 


Overview. 
Test Gubdtancés 
Test Parameters 


TECHNICAL REQUIREMENTS. 
TEST-METHOD DEVELOPMENT . 
DROPLET-EVAPORATION TEST SYSTEM . 


Summary . . . 
Description of Test System. 
Overview. : : 
Droplet- Sesaiorl ppena ass 
Electronic Microbalance 
Airflow System. ‘ 
Air-Humidification System : 
Temperature-Control System. 
Photographic System . 
Data-Acquisition System . 
Operation . 

Overview. : ? 
Droplet-Spraying Pnperariay 
Electronic Microbalance 
Airflow System. é 
Air-Humidification System . 
Temperature-Control System. 
Photographic System . 
Data-Acquisition System . 
Calibration . 

Overview. : : 
Droplet-Spraying Retacatus . 
Electronic Microbalance 
Airflow System. ‘ 
Air-Humidification System : 
Temperature-Control System. 
Photographic System . 
Data-Acquisition System . 


(continued) 


ii 


= = | meal Ld aie ae 


CO © CO CO CO CO © CO CO & & © © & © CO © & & O&O HO O CO & GO & © © OC O& oo 


a Pe Pe CHEM TY Wee REP ood a et ol i at ae) oe ses oy 


\o 


wo 0 0 0 


FPWwWNH re 


ee 


pi Ake 


PRREEERR RE RWNPR 


NDUW KP WHE 


FwowWwwWO on nuUrFwWNH FE 


per 


TABLE OF CONTENTS (continued) 


DROPLET-EVAPORATION TEST PROCEDURES 


General 

Good Dabpyatory, Bree aiees (GLP) bur coaches 

Test Substances . . 

Daily Preparation for Deonlar: pueparation Tests 

Overview. : (Pt. a5 

Daily Checklist ‘ 

Preparation and Handi of Test. Sabatances 
Preparation of Test System. : 
Droplet-Evaporation Test-System ospoor , 
Microbalance. ee te ae eee 
Flow System . : 
Humi dification/sfemperatuxe- oven Byeton , 
Photographic System . 

Data-Acquisition System . 

Drop-Spraying Apparatus 

Specific Test Procedure 

Test Checklist. 

Test Number . or 

Flow Equilibration. 


Droplet-Suspension HS ead Preliminary Photograph, 


Microbalance. 

Data-Acquisition. 

Droplet Spraying. , 

Measurement of Initial Cece Stee 
Measurement of Evaporation Rate . 
Ambient (Case-1l) Test . 

Standard (Case-2) Test. 

Completion of Test. 

Daily Shutdown. 

Measurement of DSD Bilenent Aamerars 
Data Reduction, Analysis, and Handling. 


RESULTS OF DROPLET-EVAPORATION TESTS. 
Description of Raw Data . 
Description of Reduced Data . 
Summary of Test Results 

Comments on Test Data . 

DISCUSSION. 

RECOMMENDATIONS 

ACKNOWLEDGMENTS 


(continued) 


AB is 


41 
41 
42 
6 Ye 
=e 
aD 
a9 


60 


APPENDIX A 


APPENDIX B 


APPENDIX C 


APPENDIX D 


APPENDIX E 


APPENDIX F 


TABLE OF CONTENTS (continued) 


EXAMPLE OF A RAW COMPUTER DATA FILE FROM A 
DROPLET-EVAPORATION TEST. 


EXAMPLE OF REDUCED DATA FROM A DROPLET- 
EVAPORATION TEST WITHOUT AIRFLOW. 


EXAMPLE OF REDUCED DATA FROM A DROPLET- 
EVAPORATION TEST WITH AIRFLOW . 


TABULATED RESULTS OF THE DROPLET-EVAPORATION 
TESTS 


PLOTTED RESULTS OF THE DROPLET-EVAPORATION 
TESTS -- OVERALL EVAPORATION RATE VERSUS 
AIR VELOCITY. 


PLOTTED RESULTS OF THE DROPLET-EVAPORATION 


TESTS -- OVERALL EVAPORATION RATE VERSUS 
EXPERIMENTAL DROP SIZE. 


iv 


Rel 


Figure 


LIST OF FIGURES 


Example (simulated) evaporation curves and evaporation rate 
curves for a small droplet (pure liquid). 


Example (simulated) evaporation curve and corresponding 
evaporation rate curve. 


Example (simulated) droplet-evaporation curves for changing 
air velocity and fixed air velocities 


Example (simulated) curves to explain overall evaporation 
rates 


Schematic drawing of the droplet-evaporation test system. 
Droplet-suspension device (DSD) 


Example initial photograph of droplets suspended on the DSD 
(from Test 110392F) Poe a he cee Saas 


Example plots from an ambient droplet-evaporation test. 


Example plots from a standard droplet-evaporation test. 


10 


13 


16 


18 


47 


49 


50 


e 


OL 


Lm | 


8 


, - 8 © * > s « . 


actet a hag ra Ts chan > olqwnad 


ifese « Yo! cavive 


singe inarae Dea atthiad noi veseqeve (tetelweta) ai quaxd 
ernie ean nolcaicgevs 


ee “ee &©-- 8 5” s * es ‘ ‘ . or 


setanosa 362 series notsereqese-selqos> (betafpate ) olquaxs 
Pye? » - _ geiatooioy tle tact? hae ystoolev ws 


— Seo “© “sa. "# 


rasgeaecc in ileteve mliafqze a2 aes ove aaa elqaass 


es%sT 


rs «£& «2 oe eR SUDO , ad 
yz 
wae 


eodnye test aobietegeve-jelqwrsh aid Ya goiverb o!senedot 
, (4205 aslved sodensqeue seTqgord 


@20 eft no homme rca at lo bce fetozint olqeexa 
. , CRRMGOIE seek @o=>) 


d¢03 moiteroysve-solqot) troidms ne mos} asolq ai qnaxd 


_ gee nolsevogave-telqers brebasss a mort atolq sigquand 
















. 
2 = 2 


SPECIALIZED LABORATORY SUPPORT 
TASK TA-31 -- DROPLET EVAPORATION 


R32 INTRODUCTION 

In accordance with the reporting requirements for Delivery Order 
No. 0007 under Contract DAADO9-89-D-0005 with the U.S. Army Dugway Proving 
Ground, this is the Data Report for Task TA-31 -- Droplet Evaporation. Under 
Task TA-31, Southern Research Institute (SRI) developed a novel experimental 
method for measuring the evaporation of small droplets. The test method that 
we developed was then used to measure evaporation rates for several test 
substances. This data report contains background information about the task, 
the task objectives, the scope of work for the task, the technical 
requirements for the experimental droplet-evaporation test method, a summary 
of the test-method development, a description of the droplet-evaporation test 
system, the test procedures, the results of the droplet-evaporation tests, and 
a limited discussion of those results from our perspective. We also include 
recommendations for further advancement of the droplet-evaporation test method 
developed at SRI. 


7 BACKGROUND 


The U.S. Department of Agriculture (USDA) Forest Service through 
the Technology and Development Center at Ft. Missoula (Missoula, MT) has been 
conducting a program to fully characterize the behavior of pesticide droplets 
generated by aerial spray applications. The goal of the Forest Service is to 
determine how the initial spray parameters (i.e., the controllable spray 
parameters) such as pesticide formulation, initial droplet size, and spray 
height affect the subsequent deposition of the pesticide droplets on the 
ground. To achieve this goal, the behavior of the pesticide droplets under 
applicable meteorological conditions must be known. 


In addition to understanding how pesticide spray droplets will 
reach the ground, the USDA Forest Service and the Spray Drift Task Force 
(SDTF) require data that can be used to assess drift from spray applications 
of currently registered products as well as future products. That is, it is 
important to understand fully how spray droplets will behave so that the 
amount of pesticide reaching the intended target and the amount of driftyean 
both be determined. 


The most important process that must be quantified to characterize 
the deposition of spray droplets on the ground or the drift of spray droplets 
in the atmosphere is evaporation. Therefore, the USDA Forest Service and the 
SDTF formed an agreement with the U.S. Army Dugway Proving Ground to support a 
droplet-evaporation study. Dugway Proving Ground then awarded Task TA-31 to 
Southern Research Institute to develop a laboratory test method for measuring 
the evaporation of small droplets under different environmental conditions and 
then to generate droplet-evaporation rate data for specified test substances. 
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For reference purposes, Task TA-31 was designated by the Spray 
Drift Task Force as SDTF Study P91-001. Southern Research Institute 
designated the research effort as Project 6819.7. 


ae OBJECTIVES 


The main purpose of Task TA-31 was to obtain evaporation-rate time 
histories of small droplets of test substances with physical and chemical 
properties similar to those of actual pesticide formulations used for spraying 
forests or agricultural fields. It was desired that the evaporation rate data 
be obtained in a laboratory under controlled experimental conditions 
representative of those experienced by freely falling droplets exposed to 
typical meteorological conditions that would be encountered during pesticide 
spray applications. The laboratory approach to obtaining the desired 
evaporation data was chosen because it is difficult and expensive to obtain 
droplet-evaporation data in actual field tests. Before any experimental data 
could be generated, however, a laboratory test method (i.e., a new 
experimental method) had to be developed. Therefore, test-method development 
was another principal objective of Task TA-31. 


4, SCOPE OF WORK 
pa Overview 


Task TA-31 was broken down into two phases: test-method 
development and droplet-evaporation testing. The test-method development was 
directed at designing, assembling, and evaluating a laboratory test system for 
measuring evaporation-rate time histories of small droplets under simulated 
environmental conditions that could be controlled and varied. The 
environmental conditions that were important were temperature and relative 
humidity (RH) and the relative air velocity that would result from the 
gravitational settling of a droplet. In connection with the development of 
the test system, test procedures were also developed. After development and 
evaluation of the complete test method, droplet-evaporation rates were 
measured for different-sized droplets of three test substances designated as 
range-finding solutions by the SDTF. These tests were conducted under 
different environmental conditions. 


After the method-development phase of the research effort was 
completed, the droplet-evaporation testing of the SDTF range-finding solutions 
was conducted according to EPA FIFRA Good Laboratory Practice (GLP) standards 
as defined in 40 CFR Part 160, effective October 16, 1989. 


We? Test Substances 





Evaporation rate data were generated for the following test 
substances: 


a World Health Organization (WHO) water 
e 25% mixture (by volume) of Sulfur 6L with WHO water 
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e 50% mixture (by volume) of Thuricide G8LV with Milli-Q water 


These test substances were identified by the STDF as range-finding solutions 
for droplet evaporation. The substances represent a range of physical 
properties that would be expected for actual pesticide formulations and were 
expected to exhibit significantly different evaporation rates. 


We were originally supposed to test a 15% by weight mixture of 
n-propanol with WHO water, but this test substance was replaced by the 
Thuricide mixture. 


The WHO water was Milli-Q water with an added hardness of 342 ppm. 
The Sulfur 6L was provided to SRI by the SDTF. The Thuricide 48LV was 
provided to us by Sandoz Agro, Inc., (Des Plaines, IL) at the request of the 
USDA Forest Service. 


The Sulfur 6L was originally supposed to be tested as a 33% 
mixture by volume of the Sulfur 6L with WHO water but had to be tested as a 
25% mixture because the 33% mixture would not form droplets on the glass 
filaments of the droplet-suspension device (DSD) that we used for testing. 
(See Section 7.2.1 for a description of the DSD.) The 25% mixture formed 
acceptable droplets. The Thuricide 48LV was originally supposed to be tested 
neat (i.e., as received) but had to be tested as a 50% mixture by volume of 
the Thuricide with Milli-Q water because the neat test substance could not be 
sprayed from the atomizer that we used for testing (see Section 7.2.2). The 
50% mixture could be sprayed, and it formed acceptable droplets on the glass 
filaments of the DSD. 


The test substances were prepared and handled according to the 
Study Protocol for SDTF Study P91-001 and according to SRI standard operating 
procedures (SOPs). The Study Protocol and the SOPs for the test substances 
included detailed information about the components of the test substances; 
receipt, handling, and storage of the test-substance components; mixing and 
handling of the test substances; storage of the test substances; return of 
unused test-substance components; and disposal of used test substances. 


Lind Test Parameters 





The specified test parameters for the droplet-evaporation tests 
were as follows: 


e Test substances: the three SDTF test substances described 
in the preceding section. 


e Droplet diameter: three drop sizes in the range of 75 to 
500 pm; the target drop sizes were 100, 250, and 400 pm. 


e Temperature: three temperatures from LOmbon40nn.c shthe 
target temperatures were 15, 258. Tand@a0ee Ca( 59sa7V/a and 
104e°F). 





































radaw Qubttah ddiw MBS abhatuatt 20, (okalev va) aacret age SE 


anolsifos 2xibrtisagess es 4072 sti Ye Beitaseshs ster zaaresedua 2297 aoe, 
Indtegig lo sghe1 2 tastesyay esoneThdya oat poke as! piace a 
etew bas ensoltafyuar) shisizeeq Lerdtos 402 bates et bin yah eais a 
astei. rolsaree:'s iqotetsae visio tabigie. sisi od bot oeGee 


to exrikin sigiee yo 22f » tect of, Beeeqque vyifanigzze esd" a —— 
oft yd bapalger aev sonatas 3287 eidd cwd .yetaw OW dotw lonsqoig es 
-. smudeeln Sb pete 

| q 

mga, 82€ Ao 2gachted bebbs oa daiw vete5« Ci DLIM daw tegen Way! apt 

cau Visas ebiobweti sat taazedy yd Lat .oe babivoxrg aie, TO ak, 6 
(fl @Anlald #99) y.onl , orga space yd ay os 4 
arte re0008 aU 


ae 


fa to Tigupas on 


7 
7 


st s an fetes) od 07 Bovoqqee yl inate tio 1 32. sua ie-ed? 
b= Bedeed sf 0d had cud tazew ONM I aw tu xuale2 ait io Say io ye stones 


seakg. ad 0 a3<1qet4 jo} toa Dluow svi yxte SEC ot ne a ey, otc 24 
gruicsas?: 10% hoe sv sada (420) soiveo ty neqruue-7efgorb wei) To ede os 
bezel exviedim SOS ofT (¢.0e9 gti 14 reltigfasesb 6 402 {.8.%. eokaseed 6 » 

bavesr ed od Sseogges vi iars vit. yStofvudT ad? .ateigos? 67 a 

Yo seulov ys etdsxio 20° 6 <5 ta 2a ij oF Sed sud (avr teaes SA mel) a rf 
ad don bliuns Sanesedes 3289 ec S07 2 HI8020 sages O- [ebt dtiw shige sol 
= (ET i ¢ © _eds sae, os8) qaitess? suk besiraw jects’ pacidota At oot? Soe 
i st bas ,Hoyercs ao Blues ease ae 

720 ada, To s2neGeks 


saetg art oo edeigoss s(dogne te hadTer 32 
a 
es 


_ 
7 


ring? stew @edcesedve J97 -20T ) 


a 


al3> 2597 


wiz of Subbconan belooel, bas | 
saiséeysqo Sseanese 182 os unihtcsse bra vfO0 ied ubwi2) Tie soi; te ‘3 
sagnnsedud $292 sito108 eve sit bark. fonesewt Ybuse adi « (aoa) Sib s: 
‘gasnepaive got iets To eniepoqens, ais SuodainoivsesyetoS beltesst rebels 
‘etre BOO wi faa - 309% af2 tO 3381 2 bak a 2 wer a=! i 

to ‘karla °c: eeonesedye 7693) a5 36 sguteta ,29o0 Jedus sees ata Tae bih 
aéannsedixe teed hoax Jo -lanogelb brs satnsanghos ssaeieaues- 3 bee a 
ae / “al eee 7 


2 statemkust tual * 8 


ne 
i 


brs gnixim 


n . 

i - 7 1 ‘ - — 

steattaiorabtogeys-aeiqoth oda iol 21e7 omar sud babtiosge ee. 
i . (| ke ae 


resgnadedue dear. 


_ 
bosizdssb tsoneteduy Gees yrde sort om3 
, s99997%q rn 


umolines. 
. ; ii 
a2, @X to: agee’s of nt eashe qorb ssa 73 
any OOS boa ,O2S' VOL a6 xesTe goxb ds 
ia 7 

ante 2° OS 97 OF mon» THA euee somds 
brs .11>, 82) 3° Onobie /ED (at eran cuayes 

: _ , : ; 7 So ; 

ci 5 : 

















a 








e Relative humidity: three relative humidities from 20 to 
90%; the target relative humidities were 30, 60, and 90%. 


e Air velocity: droplet terminal velocity or fixed air 
velocities selected to provide the required data. 


e Replicates: three. 


With regard to the drop size, temperature, and relative humidity 
for each droplet-evaporation test, the "target" values for these parameters in 
each test were the values that we tried to achieve. The actual drop size, 
temperature, and relative humidity in each test were experimentally measured. 
The measured values are described and discussed in Sections 9 and 10. 


The target values given above for drop size, temperature, and 
relative humidity are the optimum values specified for the task except for the 
temperature of 15 °C, which we used instead of 10 °C. We used a target 
temperature of 15 °C instead of 10 °C because the test system that we 
assembled (see Section 7) could not produce a test temperature of 10 °C. 

There were also some tests with particular test parameters that could not be 
conducted because of other limitations of the test system or because of 
properties of the test substances. The tests that could not be performed are 
noted in Section 9. 


The test parameter of air velocity is discussed in the next two 
sections (Sections 5 and 6). 


5% TECHNICAL REQUIREMENTS 


To achieve the objectives of Task TA-31, some important technical 
requirements were specified for the task. Continuous evaporation rate data 
for a droplet at an air velocity equal to the continuously changing settling 
velocity of the droplet were desired. In the event that continuous 
evaporation rates could not be obtained, data were to be obtained for a 
sufficiently large number of points in the time interval to enable the 
accurate fitting of the evaporation rate curve to the data. If a continuous 
change in air velocity during a test was not possible, we were to determine 
evaporation rates at fixed air velocities equal to 100, 80, and 60 percent of 
the initial droplet terminal velocity. (The initial droplet terminal velocity 
refers to the terminal velocity corresponding to the initial drop size). Each 
droplet-evaporation test was to be run for the time it would take the droplet 
to fall 100 m or for 30 min, whichever was shorter. The fulfillment of these 
technical requirements is discussed in the next section. 


OF TEST-METHOD DEVELOPMENT 


The first phase of Task TA-31 was the development of a reliable 
test method (i.e., test system and test procedures) to measure evaporation 
rates of small droplets. The test method had to provide meaningful droplet- 
evaporation data that could be used to predict the behavior of pesticide 
aerial sprays. The details of the test system and the test procedures that we 
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developed and then used to measure droplet-evaporation rates are described in 
Sections 7 and 8. This section of the data report summarizes the test-method 
development effort and covers basic theoretical considerations, the overall 
technical approach, and the most important experimental factors that had to be 
considered for the test method. Additional details of the test-method 
development were documented in the monthly progress reports for Task TA-31 and 
are not repeated in this data report. 


Before describing the development of the experimental method that 
we used to measure droplet-evaporation rates, a brief discussion of 
evaporation rate data for droplets is appropriate. Figure 1 shows example 
(simulated) curves that depict the evaporation of a small droplet of a pure 
liquid (e.g., water). (The simulated curves in this report were generated 
using computer programs written by SRI outside of Task TA-31. These programs 
were based on published drop-evaporation theory. The simulated curves are 
also representative of known evaporation behavior for small droplets.) Each 
part of Figure 1 (1A, 1B, and 1C) shows two curves corresponding to the 
evaporation of a droplet under free-fall conditions (changing terminal 
velocity) and under stationary (or rest) conditions (no relative air 
velocity). (For a freely falling droplet or a stationary droplet, we assume 
that the droplet is spherical). 


Figure 1A shows droplet-evaporation curves expressed as diameter 
versus time, while Figure 1B shows droplet-evaporation curves expressed as 
mass versus time. Figure 1C shows droplet-evaporation rate curves, which can 
also be referred to as evaporation-rate time histories. The curves in 
Figure 1C are based on evaporation rate expressed in terms of the change in 
mass per unit time. (The evaporation rates in Figure 1C are expressed as 
positive rates even though the change in mass versus time for an evaporating 
droplet is negative.) It is important to note that the curves in Figure 1¢C 
are the first derivative curves for the curves in Figure 1B; that is, each 
point along either curve in Figure 1C is equal to the slope of the 
corresponding curve in Figure 1B at the corresponding time. 


The basic experimental technique selected to obtain droplet- 
evaporation data was the measurement of the mass of a droplet as a function of 
time using a microbalance. The droplet was to be suspended from a filament 
and exposed to controlled environmental conditions of temperature, relative 
humidity, and air velocity. In theory, this approach would produce droplet- 
evaporation curves analogous to those shown in Figure 1B. From the droplet- 
evaporation curves, droplet-evaporation rate curves could readily be obtained. 
However, there were initially two major problems with this approach that had 
to be addressed: (1) the mass of a single droplet was very low, and (2) the 
mass of a droplet could not be reliably measured during exposure to airflow. 
These problems are discussed further in the following paragraphs. 


Under optimum conditions, the sensitivity of the microbalance that 
we used (see Section 7.2.3) was approximately 1 to 5 wg. Because the 
respective masses of 100-, 250-, and 400-ym droplets are 0.52, 8.2, and 34 pug 
(assuming a density of 1 g/mL), it was not feasible to suspend and weigh a 
single droplet with accuracy and precision. Thus, it was necessary to suspend 
multiple droplets simultaneously and to measure the total mass of the droplet 


5 































































at Gediwowab 4am @592% Nein eiogevs salqe 
botzent-s¥es of) absliamwe 3% ees 


(favyavo silt .scolserebieno® Sa 


#rijsann 02, been Hat? bax 5 
sjak aie to Woltoae widT |. C-Bre t he $0: - 
resc4td shkad atevon Sie siette In fs, 
od of bart garg apedaet lacotmirtages Se Voghk gion off Bey . fasctqys rete eal 
bodsee+i2ae0 efs Yo eller IepeislobA horse ide3 s#2 20) bats Fenor 
hee 16-AT deeT x02 esroqe: seonjord Y (socom end. of Hatyomwoeb etev posites 
gaoget aseb ale mt beaasqgei Ion 
: 
ofa antets saab s1eked 


sedd bolted fetneminegrs ors 16 Jnamgoisves 
21 nolierogqave-+ i a sroamem 02) bedi ow 


> aolenvoes Db le id 4 ,cSve 
siomaxe apna I gion agaiugosqqs e2 gdstqowy sot sth ors aro iiey ayers, 
roanvd edd Jotasb Jatt eevave (bares iw be) 


sxwoq a 26 Jelarad Lieme & to roto 
J hey atue ey eit) : eo gw ' +2 4) 


batatenda O14 Jinges elds al sev: 
emesgory soit! tf-aT dant Yo abletys te vd e393 Mw alaong, Tetiq@e ; 
sia xeviio bevafimix 907 ; +) potseyoqeva-gerb Satetivrg ie hats 
fond = (.etelqot> Tkeme tot te ee™ i nolteoge mort to avi¥simeatges 
aly -3 gi@abaoges:t°> oa ewots COL bre 42 AY). 5 ein tt 30 TTaNG 
‘Tanteares giigoans) a0 sae i fnt- sat) Vebtar gafgot®,a 79 ad>2c5 1OgR 
ste eviselar on) enoitsiones (yeas. to) yreestiear2 isbau 67 (yo f5u, ; 
ifaav? &. 269) (vo ine lee 


sh vg@nolyste # 10 te3qor gikiies 


emutsnh ew , 7615 Ife 
(feotaedcqe 23 jselqoth s;(3 20 


*ojemalb #6 bs2z257qes B92 toLjLicagele-s jaoth eo Ar sywvarad 
ee beseorgxe Verses aolsgzogve-s (eciub awore Sl ssug2d sieaw ent? msetewy 
45 foldw . coves saen hols etoqeys~35)4e"h awods D1 s2ivgIt eames Suasey / 
hormder wd 


ny} 2sVvt> adr .74 Wein om, jn -Aotse Vogevs BB ° 


al eanedS afs Io eared MeSTaGKS OT57 meOLI eros yS, +6 berad ot 
¢3 beseotaxe ArH Ol * 224 nl 2a3G1 NOL TATOge ys iT ,emiy <i) tage 
ynitatoyeve ot 4o7 aad varev-eeeat ob sgued= adiz tguudy eve, Fe2es iii a> 
Vt esol i Bers si <ad+ ton os der iogmt.el 3) °(29¥s°RRMy el Spek. 
7s ,2 eds .af stagfd-mi aavine 40 407, Bevive avitevd yee sant? ats 
9 to ay efy ta ieups «i sya lB «viva ysuid te gaota 7 
iy gusbooqeartop att 34 34 qual au> gurbrogests soe 
fe 
| f 


fannacitisg%s Stacd aT 
upp saw steb wotsjaveges 


sga{coxb. nlaide. 23,bs206-s2_ Sp 
] 


to noissitie Beh qost & To +628 of) Lo: joteme ig zee 
squmeiti « wos) bebnegeve.* od aaw jetqord aft ontei sdot Dim & estate Ps 
av Likes | BGs regined te er (Zibnes Ledasqiotives * iferzcen oF Beper 
sat qesb =.cbang bivow, tasetqqe ‘ig, veoets at vyeloofev ay aes b. : 
jargon eit mart el erdal tT abtavods stoda a9 trvy [perk , Save not « 

baataado. sc ¢fibset blue caving $968 ps lzetogays-selrnye ete agk® 2403 


om, 


gividorq Yolemiows yJ feia ley Stee aistt "7 rok 
sunset atgotd) , bite oxi a 
pd dei! dp Tel qeitey ca 


Het ands dosoTyqs aids g3zi¥ 
sat (29 base .wel Yo aves 22 qorh af yates. &°i9 


welts sf Spey aiiaut STEPS SH! cunts Lox 
enaey, githwo tiot at? wl toenzaifl beetise ib mae ino Tong 
; ’ . ; vn a - 
res 92:28! +e ' ele Fo ya tui ras® sit. posit 4Sa02 out mo Rial ; 7 


,ie Baleoan tea), @ og Tf ¥ .soami nana, Set 
gy AE fae 88 See O sve 2 fet goal ag OOF bod a 
s Hgisaw Bira basqeve oF diddene= 
sideqe: 2 Oo YoSReSoMer | 280 }¢ , ead, 
aie ails 20 ees leres od sina 


_ 


: =, 7 i ; 7) i ia ue 







er 


Droplet-Evaporation Curves - Diameter versus Time 
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Figure 1. Example (simulated) evaporation curves and evaporation 
rate curves for a small droplet (pure liquid). 
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population as the droplets evaporated. This approach required that the 
droplets be as monodisperse in size as possible and that the number of 
droplets be measured. 


The droplets were suspended on the droplet-suspension device (DSD) 
that is described in Section 7.2.1. The droplets in each test were generated 
using a pressurized atomizer that is described in Section 7.2.2. Several 
atomizers were evaluated, and the best one was selected to spray and "grow" 
droplets on the glass filaments of the DSD. The number of droplets in each 
test was measured by taking a photograph of the initial droplets with a camera 
fitted to a telemicroscope and by later counting the droplets in the 
photograph. Given the initial mass of the droplets, the number of droplets, 
and the diameter of the filaments (measured separately), the average initial 
drop size was calculated. 


Using the microbalance to measure droplet evaporation, it was not 
possible to measure the mass of the droplets during exposure to airflow 
because of the drag on the droplets caused by the airflow. (See Section 7.2.1 
for a description of the basic test-system design.) That is, it was not 
possible to measure a complete mass-versus-time droplet-evaporation curve as 
depicted in Figure 1B for a freely falling droplet. Figure 2 illustrates the 
basic approach that we initially selected to obtain the required data. 

Figure 2A shows a droplet-evaporation curve (simulated) for a freely falling 
droplet. Three selected points are shown on the curve with lines tangent to 
the curve at the three points. The slopes of the tangent lines are equal to 
the evaporation rates (r0, rl, and r2) at the three points. Figure 2B shows 
the droplet-evaporation rate curve that corresponds to the curve in Figure 2A. 
Along the curve in Figure 2B, three points are shown that correspond to the 
evaporation rates obtained from the tangent lines in Figure 2A. The 
experimental approach that we initially proposed was to determine three 
evaporation rates (e.g., r0, rl, and r2) during the evaporation of a droplet 
population. This was to be done by measuring the slope of the curve at three 
different points along the droplet-evaporation curve. The slope at each of 
these points would correspond to points along the droplet-evaporation rate 
curve as depicted in Figure 2. 


The evaporation rate at three points along the droplet-evaporation 
curve for a droplet population was to be determined by measuring the change in 
mass over a known time interval at three different times during the course of 
evaporation. We planned to accomplish this by exposing a droplet population 
to the desired exposure conditions and by temporarily and quickly turning off 
the airflow at known times during exposure in order to measure the mass of the 
droplets. By selecting appropriate times to make the mass measurements, the 
slope at three points along the droplet-evaporation curve could be estimated. 
To obtain the most accurate data, the time interval over which the change in 
mass was measured would have to be as short as possible. In this case, the 
mass would have to be measured at six times during the course of evaporation. 
One of these times would be the initial mass of the droplets before any 
exposure. To make the approach simpler, the droplet-evaporation curve could 
be broken down into three time intervals, and therefore, the mass would only 
have to be measured at four times (including the initial mass) during the 
course of evaporation to estimate the evaporation rate during the three time 
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Figure 2. Example (simulated) evaporation curve and corresponding 
evaporation rate curve. 
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intervals. With this approach, all of the required data for a given set of 
exposure conditions would be obtained in one test (neglecting replicate 
tests). 


Our initial experimental approach as described in the preceding 
paragraphs was based on two key assumptions: (1) that we would be able to 
vary the air velocity during the test to equal the changing terminal velocity 
corresponding to the evaporating droplets and (2) that we would be able to 
turn off the airflow and measure mass at times during the course of 
evaporation. Both of these requirements were found to be unfeasible, and 
therefore, the test method had to be further modified. 


With regard to the technical requirements for the task (see 
Section 5), evaporation rate data were desired for droplets falling at their 
terminal velocities, or in our experimental approach, evaporation rate data 
were desired for suspended stationary droplets exposed to airflow at a 
velocity equal to the terminal velocity of the droplets. That is, sufficient 
data were desired to determine evaporation rate curves analogous to the curve 
for the freely falling droplet in Figure 1C. Because the terminal velocity of 
a freely falling droplet depends on the droplet size and because the size of a 
droplet decreases as the droplet evaporates, the terminal velocity for a 
droplet also decreases as the droplet falls and evaporates. We first 
attempted to design a test system in which the air velocity could be 
controlled and varied in real time to correspond to the changing size of the 
evaporating droplets. This experimental approach was soon found to be 
unfeasible because very sophisticated and costly equipment would be required. 
Therefore, we had to design the test method based on the use of a fixed air 
velocity in each test. 


Figure 3 shows how air velocity is expected to affect droplet 
evaporation. Figure 3 contains four simulated droplet-evaporation curves. 
Curve 1 is for a freely falling droplet that is exposed to the relative air 
velocity (vt) as the droplet settles. Of course vt decreases as the droplet 
falls and evaporates. Curves 2, 3, and 4 show expected droplet-evaporation 
curves for three different constant air velocities. Also shown in Figure 3 
are three selected points along Curve 1. The point (t0,m0) is the initial 
point on Curve 1. Curve 2 is based on a constant air velocity (v0) equal to 
the initial terminal velocity of the freely falling droplet. That is, Curve 2 
is based on the terminal velocity corresponding to the point (t0,m0). 
Analogously, Curves 3 and 4 are based on fixed air velocities equal to the 
terminal velocities that correspond to the points (tl,ml) and (t2,m2). 

Curve 2 decreases faster than Curve 1, Curve 3 initially decreases slower than 
Curve 1 but then crosses Curve 1, and Curve 4 decreases slower than Curve 1 
over the entire period plotted in Figure 3. The most important point to note 
about the curves shown in Figure 3 is that for each curve with a fixed air 
velocity, there is only one point along the curve where the evaporation rate 
equals the evaporation rate on Curve 1 for the same mass. That is, for a 
given mass, the slope of each curve with a fixed air velocity is equal to the 
slope of Curve 1 at only one point. The points where the evaporation rates 
(and curve slopes) are equal are the points where the both the masses and the 
corresponding air velocities are equal. With reference to Figure 3, Curves 1 
and 2 have the same evaporation rates (slopes) at point (t0,m0) (where the air 
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Droplet-Evaporation Curves 








___Curve 1: v=vt (changing) Curve 2: v=v0 (constant) 
Curve 3: v=v1 (constant) ___ Curve 4: v=v2 (constant) 
© Selected Points on Curve 1 


Figure 3. Example (simulated) droplet-evaporation curves for 
| changing air velocity and fixed air velocities. 
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velocity equals v0); Curves 1 and 3 have the same evaporation rates when the 
mass equals ml (where the air velocity equals vl); and Curves 1 and 4 have the 


Same evaporation rates when the mass equals m2 (where the air velocity equals 
2 in 


Because of the relative properties of the droplet-evaporation 
curve for a freely falling droplet and of droplet-evaporation curves obtained 
with fixed air velocities, each curve obtained with a fixed air velocity 
theoretically can be used to determine one point along the droplet-evaporation 
rate curve for a freely falling droplet. Consequently, three droplet- 
evaporation tests with three different fixed air velocities would be required 
to determine three points on the droplet-evaporation rate curve for a freely 
falling droplet. (With three replicates of each test, nine tests would be 
required to generate one droplet-evaporation rate curve.) 


Based on the preceding discussion, the fundamental experimental 
approach that we established for each droplet-evaporation test was to measure 
the evaporation rate of test-substance droplets (similar size) for a 
particular initial average drop size (target drop size) exposed to controlled 
environmental conditions including air velocity, temperature, and relative 
humidity. The evaporation rate was determined by measuring the change in mass 
of the droplets during a known evaporation period. The evaporation rate per 
droplet was calculated by dividing the total evaporation rate by the number of 
droplets. The air velocity for a test was selected to be a percentage of the 
terminal velocity corresponding to the target drop size. 


The test procedure was designed to determine three evaporation 
rates corresponding to three different points along the evaporation rate curve 
for each target drop size. This was to be done by measuring the change in 
mass over three different (sequential) time intervals during the complete 
evaporation of the droplets. The time intervals would be selected so that the 
terminal velocity for the average drop size during each time interval would 
equal the fixed test air velocity. To determine each evaporation rate, the 
mass of the droplets would be measured immediately before and after exposure 
to airflow for a measured time. Because only one air velocity could be used 
in a given test, three tests with three different preset air velocities would 
be necessary to determine the evaporation rate during each of the three 
different time intervals. Using this approach, three evaporation rates on the 
droplet-evaporation rate curve could be determined for a given test substance 
and initial drop size (i.e., target drop size). The three evaporation rates 
would be determined for three fractional drop sizes of the initial drop size 
using three air velocities equal to the terminal velocities of the fractional 
drop sizes. 


As already mentioned, the fixed air velocity in each test was 
chosen to be a percentage of the droplet terminal velocity corresponding to 
the target (initial) drop size. The fixed air velocities that we used were 
selected to be near 100, 80, and 60 percent of the terminal velocity of the 
target drop size. The actual values selected were convenient values 
corresponding to finite divisions on the analog readout of the anemometer that 
we used to measure air velocity. The anemometer is described in 
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Section 7.2.4, and the actual air velocities used in the tests are given in 
section 9,4 


Although we worked out a possible test procedure to determine 
three points along an evaporation rate curve, the procedure did not work in 
practice because the substances that we tested evaporated too quickly for us 
to "catch" an interval during the overall evaporation of the droplets ina 
test. We therefore had to measure the overall evaporation rate for the 
droplets in each of three tests with three different fixed air velocities. 
This approach assumed that the measured overall evaporation rate for a given 
fixed air velocity approximated the evaporation rate for the corresponding 
fractional drop size of the target (initial) drop size. This approximation is 
valid if the evaporation curve (mass versus time) for a given air velocity is 
linear (i.e., if the evaporation rate for a given fixed air velocity is 
constant). The more curvature there is in the evaporation curve, the less 
valid is the assumption. The curves in Figure 3 suggest that the assumption 
is not valid because the mass-versus-time evaporation curves for fixed air 
velocities that are near the initial terminal velocity are expected to be 
similar to the curve for the freely falling droplet. Regardless of the 
validity of the assumption, however, theoretical predictions that we made (see 
below) and the actual test data for WHO water (see Sections 9 and 10) showed 
that, with other parameters being equal, the overall evaporation rates that we 
measured for a droplet population using different fixed air velocities were 
about the same in value and, moreover, should approximate the overall 
evaporation rates for freely falling droplets with the same initial drop size. 


Given the assumption that the overall evaporation rate Sorea 
freely falling droplet can be approximated by the overall evaporation rate for 
a droplet exposed to airflow at a constant air velocity near the initial 
terminal velocity, Figure 4 shows how the overall evaporation rates relate to 
the real droplet-evaporation curves and the real droplet-evaporation rate 
curves. Figure 4A shows evaporation curves (simulated) for a freely falling 
droplet and a stationary droplet. Also shown in Figure 4A are linear 
evaporation curves that are based on the overall evaporation rates. If the 
true functional form of the droplet-evaporation curve is known, the overall 
evaporation rate could be used to estimate the curve. Figure 4B shows the 
droplet-evaporation rate curves that correspond to the curves in Figure 4A. 

As expected, the curves based on the overall evaporation rates are lines with 
zero slope because the corresponding curves in Figure 4A are linear. Note 
that for the freely falling droplet, the evaporation rate curve is almost 
linear. In this case, the overall evaporation rate and the initial mass of a 
droplet could be used to generate a good approximation to the real evaporation 
rate curve. 


The other technical requirement for the testing was that each test 
be run for the time it would take the droplets to fall 100 m or for a maximum 
of 30 min. Because we could not predict a priori (with any certainty) how 
long it would take for the droplets to fall 100 m, we decided to run all tests 
until the droplets completely evaporated or for a maximum of 30 min. All 
three of the substances that we tested evaporated in less than 30 min, and 
therefore, most of the tests were run until the droplets completely 
evaporated. However, we allowed many of the tests to run a few minutes after 
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Droplet-Evaporation Curves 
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overall evaporation rates 
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Droplet-Evaporation Rate Curves 


curves based on 


overall evaporation rates 


Evaporation Rate (Amass/Atime) 


Time 
____ Stationary Droplet - Changing Rate Freely Falling Droplet - Changing Rate 


__ Stationary Droplet - Constant Rate Freely Falling Droplet - Constant Rate 


Figure 4. Example (simulated) curves to explain overall 
evaporation rates. 


y 
















- a ee ooa®= 


eal 


| 2av WWD noha oN 


ee a mete <a 
— _ ———$ = ~ a 





a 
————— niin 


{| sotheedoe wo r A 
Dy, | , ome Aer ya Teta yo \ —_ a! a s e 
| ake. 4 
Pal rm Po 
. a te 

| x - a . 
| Lae a i 

bat je _ a“ 
po s 


Sivwt 
. ane Gragnanid ; wien gas Yow vei gnic.neda <telqorT ysnetBie —__ 





eight arated. felooO pale? years ataR trekenod ~ dele maete  — 


eae SD glk oh noitmogsv 4eigoid: 


ae ee te a nae 


no becsd @PyvNiS 
guim nadeiocaye Hore 


¥ ’ 


the droplets stopped evaporating to establish a baseline for the measured 
mass, especially when the test substance had some nonvolatile components. 


To summarize the capability of the test method that we developed, 
an overall droplet-evaporation rate can be measured (using a fixed air 
velocity) that estimates the overall evaporation rate of a freely falling 
droplet. Because the droplets for the test substances evaporated so quickly, 
the method was not able to determine an actual droplet-evaporation rate curve. 
Such a curve could be fitted to the overall evaporation data if the curve form 
is accurately known. In practical use, however, it may be more than adequate 
to assume a linear evaporation rate curve based on the overall evaporation 
rate. A linear evaporation rate curve could be used to predict the 
evaporation of a freely falling droplet. Given the initial drop size and the 
overall evaporation rate, the simple lifetime of a droplet could also be 
calculated. 


Using the test method that we developed, overall evaporation rate 
versus initial drop size was measured for each of the three test substances 
under different exposure conditions. Because the test substances were 
mixtures, it is important to note that the evaporation rate for a particular 
drop size depended on the composition of the droplet, which changed with 
evaporation; therefore, the evaporation rate for a given drop size must be 
associated with both the initial size and the initial composition of the 
droplet. For example, the evaporation rate of a 100-ym droplet (initial size) 
of a particular test-substance mixture would be expected to differ from the 
evaporation rate of a 100-ym droplet that resulted from the evaporation of a 
larger droplet (larger initial size) of the same test-substance mixture with 
the same initial composition. 


After the complete test system was designed and assembled, and 
after initial test procedures were developed, the test method was evaluated by 
obtaining preliminary droplet-evaporation data using Milli-Q water. The 
results of these preliminary (non-GLP) tests showed that the test method did 
provide reliable droplet-evaporation data. The results of the Milli-Q water 
tests were reported in the Eighth Monthly Progress Report (dated October 9, 
1992) for Task TA-31. In that report, the Milli-Q water data were compared to 
theoretical predictions for the evaporation of water droplets and were shown 
to be reliable. 


Predicted droplet-evaporation curves in the Eighth Monthly 
Progress Report also indicated, for a 250-ym droplet, that a constant air 
velocity near the drop’s initial terminal velocity produces an evaporation 
curve similar to that for a freely falling droplet, which is exposed to a 
changing air velocity equal to the drop’s changing terminal velocity. That 
is, a fixed air velocity near the terminal velocity can be used experimentally 
to determine the evaporation rate under free-fall conditions. Also, different 
fixed air velocities ranging from 67% to 94% of the terminal velocity for a 
250-ym droplet were predicted to give very similar evaporation curves. The 
droplet-evaporation tests that we conducted with WHO water were run using 
three different fixed air velocities. The data for these tests (see Sections 
9 and 10) also supported the prediction that air velocity was not a major 
parameter affecting evaporation rates as long as the air velocity was near the 
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initial terminal velocity. This contention simplified subsequent testing 
significantly because only one fixed air velocity had to be used for the tests 
following the WHO-water tests. 


After we finalized the test method to be used to measure droplet- 
evaporation rates for the SDTF range-finding solutions, we spent considerable 
time writing numerous detailed standard operating procedures that were 
required before conducting the droplet-evaporation tests. 


Another approach to measuring droplet evaporation in the study was 
considered and should be mentioned. We looked at the possibility of using the 
camera and telemicroscope that were referred to above to take sequential 
photographs of the droplets as they evaporated so that the droplets in the 
photographs could be digitized to determine drop size as a function of time. 
The main advantage of this possible method was that the droplets could be 
photographed while exposed to airflow to generate continuous diameter-versus- 
time data. Regardless of the potential advantage, the use of photography to 
determine diameter-versus-time data for the droplets was not feasible because 
even with the telemicroscope, the droplets in the developed photographs were 
not big enough to digitize accurately. Enlargement of some photographs 
produced fuzzy images, and the cost of enlarging all of the photographs was 
prohibitive. 


tee DROPLET-EVAPORATION TEST SYSTEM 
Heal Summary 


The droplet-evaporation test system was custom designed and built 
by Southern Research Institute for determining the evaporation of small 
droplets of various "liquid" test substances that could be pure liquids, 
solutions, or suspensions. Using the test system, the droplet-evaporation 
rate during a given evaporation period was determined for a population of 
droplets of similar size by measuring the mass loss versus time. Given the 
measured initial total mass of the droplet population, the number of droplets, 
and the change in mass during the known evaporation period, the average 
evaporation rate per droplet was determined for the evaporation period. The 
droplet evaporation was measured under different, controlled experimental 
conditions of temperature, relative humidity (RH), and fixed air velocity. 


pa2 Description of Test System 
heard! Overview 


Figure 5 shows a schematic diagram of the droplet-evaporation test 
system. The principal components of the test system that are shown in 
Figure 5 were 


e an electronic microbalance, 


e an airflow system, 
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of 


e an air-humidification system, 


e a temperature-control system, 
e a photographic system, and 

1 
e a data-acquisition system. 


There was another important subsystem of the droplet-evaporation test system 
that is not shown in Figure 5 -- the droplet-spraying apparatus, which 
primarily consisted of an atomizer and related apparatus for spraying a 
population of small droplets onto the filaments of a droplet-suspension device 
(DSD). A very simplified drawing of the DSD is shown in Figure 5, and 

Figure 6 shows a photograph of one of the DSDs that we used. 


The DSD was specially designed and fabricated for this project by 
SRI to suspend multiple droplets so that they could be weighed with the 
microbalance. The DSD consisted of a piece of aluminum that was 3/4-in. by 
3/4-in. square and 1/16-in. thick glued to a No.-1566 open nichrome stirrup 
from Cahn Instruments, Inc., (Cerritos, CA), which was the manufacturer of the 
microbalance (see Section 7.2.3). The piece of aluminum had a 1/2-in. 
diameter hole in the middle across which thin glass filaments were laid. The 
glass filaments lay in 13 very fine and evenly spaced grooves that were 
machined into the surface of the aluminum across the width of the piece. With 
the aid of a microscope, the filaments were laid across the hole in the 
aluminum piece using high-precision tweezers. The grooves allowed the 
filaments to be positioned until they were glued in place with fingernail 
polish. The aluminum piece also had numerous small holes drilled into it 
around the large center hole to reduce the mass of the DSD. 


We made several DSDs for use. The glass filaments for the DSDs 
were selected from a supply of calcium-metaphosphate filaments made at SRI 
prior to this project. The filaments for each DSD were selected under the 
microscope to have as close to the same diameter as could be determined 
visually with the microscope. The average filament diameter for each DSD that 
we made and used was measured as described in Section 8.7. We purposely made 
several DSDs with different average filament diameters to suspend droplets of 
different diameters. The droplet-spraying apparatus (see the next section) 
was designed so that droplets of approximately uniform size were sprayed only 
onto the filaments of the DSD and not onto any other part of the DSD. 


As shown in Figure 5, the microbalance and the DSD with the 
suspended droplets were contained in a test chamber. The test chamber was a 
large acrylic box with a small hinged door on the front of the box for easy 
access to the apparatus inside the test chamber. The main purpose of the test 
chamber was to protect the microbalance and suspended drops from airflow in 
the laboratory, but the chamber was also needed to help control the 
temperature and relative humidity for the tests. 


As previously described, the droplet-evaporation test method 
involved the measurement of the evaporation rate of a population of droplets 
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Figure 6. 





Droplet-suspension device (DSD). 
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that were exposed to airflow at a controlled temperature, relative humidity, 
and constant air velocity. The evaporation rate was determined by measuring 
the change in mass of the droplets during a known exposure period. The 
droplet-evaporation test system that is shown in Figure 5 and its various 
subsystems were designed to measure evaporation rate under the required 
conditions. To summarize the test system and its operation, droplets were 
sprayed onto the filaments of the DSD, which was then suspended from the 
hangdown wire of the microbalance. Humidified air flowed from the air- 
humidification system and was primarily controlled in temperature by the water 
bath/circulator and secondary water bath shown in Figure 5. The airflow could 
be directed (using Valve A) toward the suspended droplets or through one of 
two rotameters as selected by Valve B. Dry nitrogen was flowed at a low flow 
rate through the microbalance vacuum bottle to keep the microbalance dry. The 
mass of the droplets was measured with the microbalance before and after 
exposure to airflow, which was controlled by Valve A. 


The velocity of the airflow at the drop location depended on the 
total flow rate of the air stream through the system. The air stream was 
generated by a pump and was controlled with needle valves in the 
humidification system. The velocity of the airflow at the drop location was 
measured with an anemometer. The temperature and relative humidity of the air 
stream were measured inside the flask that was placed in the secondary water 
bath. The temperature of the airflow at the drop location was measured with a 
thermocouple and was used to calculate the relative humidity at the drop 
location. 


The number of droplets was photographed using the camera and 
telemicroscope that were positioned to view the suspended droplets from below 
via the mirror. To automate data collection, most of the measuring devices in 
the test system were interfaced to a computer as shown in Figure 5. 


The remainder of Section 7 is devoted to describing in detail the 
components of the droplet-evaporation test system, the operation of the system 
components, and the calibration of the various measuring devices. 


MEO RET. Droplet-Spraying Apparatus 


The droplet-spraying apparatus was comprised primarily of an 
atomizer (chromatographic sprayer, Part No. 2753-L10; Thomas Scientific, 
Swedesboro, NJ); a stainless-steel, three-way ball valve; a stainless-steel, 
two-way ball valve; a rotameter; a nitrogen tank with a dual-stage regulator 
and a regulating valve; and appropriate tubing to connect the various pieces 
of apparatus. The atomizer, which was located inside the test chamber, was 
connected by Tygon tubing through a hole in the test-chamber wall to one of 
the "outlets" of the three-way ball valve, which was attached to the outside 
of the test chamber. The nitrogen tank was connected to the "inlet" of the 
three-way valve, and a two-way ball valve was attached to the other "outlet" 
of the three-way valve. With this arrangement, the three-way valve could be 
turned to direct nitrogen flow either to the atomizer or to the two-way valve. 
When the two-way valve was closed, the three-way valve served as the on/off 
valve for the sprayer. The rotameter was connected to the other side of the 
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two-way valve so that the flow rate of the nitrogen stream could be checked 
and set prior to the use of the atomizer. 


The atomizer was fixed in position at one end of a specially 
designed spray box to contain the over-spray from the atomizer. (The spray 
box was also located inside the test chamber.) Using the atomizer, droplets 
were sprayed through a hole in a plastic "wall" onto the filaments of the DSD. 
The plastic wall, which we called the DSD holder, was approximately 
perpendicular to the exit of the atomizer. The bottom of the DSD was held 
against the hole in the DSD holder (i.e., towards the atomizer spray) on the 
side of the DSD holder opposite the atomizer. There was a simple fixture on 
the back of the DSD holder to rest the DSD in a reproducible location. The 
hole in the plastic wall was sized so that the droplets would be sprayed only 
onto the filaments of the DSD and not onto any other part of the DSD. The 
side of the plastic wall facing the atomizer caught the over-spray from the 
atomizer, which ran down and collected in the bottom of the spray box. The 
plastic wall could be positioned at different distances from the atomizer to 
optimize the formation of droplets on the DSD filaments. 


Another part of the droplet-spraying apparatus was a suction 
device for the removal of excess test substance or rinse water from the 
atomizer. This device consisted of a short piece of 1/16-in.-0.D. Teflon 
tubing connected to a water aspirator/trap via 1/8-in.-0.D. Teflon tubing. An 
electrical switch was also set up to send a signal to the data-acquisition 
system to mark the time at which the drop spraying was stopped. 


Uf Wp Electronic Microbalance 


The microbalance incorporated into the droplet-evaporation test 
system was a Model C-2000 Recording Balance from Cahn Instruments, Inc., 
(Cerritos, CA). The microbalance was mounted inside a glass vacuum bottle 
that had a specially designed and fabricated open-end glass hangdown tube on 
the sample side and a shorter closed-end glass hangdown tube on the tare side. 
The hangdown tube on the sample side was vacuum-jacketed to insulate the air 
stream flowing down through the tube. The air stream entered the sample-side 
hangdown tube through a side-arm port that had a gradually increasing inner 
diameter to limit the velocity of the incoming air stream against the hangdown 
wire. The lower 6-in. portion of the hangdown tube was straight with a 
constant inner diameter of 15 mm. Based on the inner dimensions of the 
hangdown tube and on the flow rates that we used in the tests, the airflow 
exiting the hangdown tube should have been laminar (Reynolds Number < 2000). 
(Preliminary flow studies with dry-ice vapor through a similar hangdown tube 
showed that a laminar-flow air plume exited the tube and extended past the 
location of the droplets when suspended. ) 


The hooked end of the microbalance hangdown wire from which the 
DSD was suspended extended just past the end of the hangdown tube so that the 
DSD could be quickly suspended. When the DSD was hung from the hangdown wire 
it typically would swing back and forth for a while until it came to rest. To 
limit and to damp the swinging of the hangdown wire, thin stainless-steel 
cross wires were attached over the end of the hangdown tube. These wires were 
very fine so that they would not affect the airflow out of the tube, but they 
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did allow mass measurements to be made sooner after the DSD was hung. When 
the hangdown wire and the DSD stopped swinging, the cross wires did not touch 
the hangdown wire and, therefore, did not affect the mass measurement. 


When the DSD was hung from the microbalance hangdown wire, the 
filaments of the DSD were perpendicular to the airflow exiting the hangdown 
tube. The airflow passed through the hole in the DSD and through the series 
of filaments that were fixed across the hole in the DSD. 


YP ARE Airflow System 


As shown in Figure 5, the main airflow system included the 
components of the air-humidification system (see Section 7.2.5), several 
airflow lines, several valves, two rotameters, and a three-neck flask in which 
the temperature and relative humidity of the air stream could be measured. 

The system flow lines included a heat-traced Teflon flow line from the 
humidification system to the water bath; a coiled copper flow line in the 
water bath; a copper flow line from the water bath to the three-neck flask; a 
copper line from the flask to Valve A, which was a Nalgene three-way stopcock; 
Tygon tubing from Valve A to the glass hangdown tube of the microbalance; and 
Tygon tubing from Valve A to Valve B, which was a Nalgene three-way stopcock 
connected to Rotameters 1 and 2. (Figure 5 shows Rotameters 1 and 2 outside 
of the test chamber, but the rotameters had to be moved inside the test 
chamber to keep them warm enough to prevent condensation inside the rotameters 
when tests were conducted at 40 °C and high humidity.) The flow lines were 
insulated as needed. 


Valve A was used to direct the flow of air through the hangdown 
tube of the microbalance or to bypass the hangdown tube and direct the airflow 
through Valve B. Valve B was used to direct the airflow through one of two 
rotameters. These rotameters were used to set approximately the system flow 
rate prior to a droplet-evaporation test. Rotameter 1 measured high flow 
rates and Rotameter 2 measured low flow rates. The total flow rate through 
the test system was controlled by the air-humidification system as described 
in the next section. 


A secondary flow system is also shown in Figure 5. To keep the 
microbalance vacuum bottle dry during the droplet-evaporation experiments, dry 
compressed nitrogen was flowed into the vacuum bottle at a very low flow rate 
(50 mL/min). This nitrogen flow mixed with the humidified air stream in the 
hangdown tube attached to the vacuum bottle but made up less than 5% of the 
combined air stream. 


Of course, the air velocity in each test depended on the total 
flow rate through the test system. The total flow rate was measured with the 
various flowmeters to preset approximately the air velocity for the test. The 
actual air velocity was measured with an anemometer. The anemometer that we 
used was a Kurz Series 490 Mini-Anemometer (Kurz Instruments, Inc., Monterey, 
CA). The Kurz anemometer was an electronic velocity meter with a probe 
containing a small thermal velocity sensor and a small temperature sensor. 

The end of the probe containing the sensors was small enough to be easily 
positioned in the air stream exiting the glass hangdown tube. Although 
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Figure 5 shows the anemometer probe positioned below the DSD, the air velocity 
for the tests was actually measured at the drop location with the DSD removed. 


wees, 5 Air-Humidification System 


The air-humidification system consisted of an oil-less diaphragm 
vacuum pump (Model DOA-P104-AA; Gast Manufacturing Corporation, Benton Harbor, 
MI) to generate the required airflow, drying tubes to dry the air stream 
before entering the pump, a tee that split the dried air stream into what was 
called the "dry" air stream and the "wet" air stream, two needle valves to 
regulate the flow rates for the dry and wet air streams, two rotameters to 
measure the flow rates of the dry and wet air streams, a large three-neck 
flask filled with distilled water to humidify the wet air stream, a dispersion 
tube in the flask to bubble the wet air stream through the water, and another 
tee to mix the wet and dry air streams before flowing into the water bath. 

The relative humidity of the air stream as it blew onto and through the 
suspended droplets at the exit of the microbalance hangdown tube depended on 
the ratio of the flow rates of the dry and wet air streams in the 
humidification system and the temperature of the air stream at the drop 
location. The temperature of the air stream was controlled by the 
temperature-control system (see the next section). 


The total flow rate through the test system was also measured and 
monitored by a digital linear mass flowmeter (Model FMA-5611; Omega 
Engineering, Inc., Stamford, CT) inline between the pump and the tee that 
split the air stream into the dry and wet air streams. This linear mass 
flowmeter had an analog output that was interfaced to the data-acquisition 
system (see Section 7.2.8). The total system flow rate was measured 
continuously during each droplet-evaporation test to indirectly monitor the 
air velocity “in ‘the ‘test: 


The large three-neck flask was placed in a heating mantle and was 
wrapped with insulation so that the flask could be heated to generate high 
humidities. The connections between the flask and the heat-traced Teflon line 
that led to the water bath were also wrapped with a heating ribbon to prevent 
a cold spot for condensation in the flow path. 


The relative humidity (and temperature) of the air stream was 
measured using a an RH/temperature meter and probe (Model RH411 Thermo- 
Hygrometer; Omega Engineering, Inc., Stamford, CT). The probe was sealed in 
the three-neck flask in the flow system (see Figure 5). In droplet- 
evaporation tests that were conducted without airflow (see Section 8), the 
relative humidity (and temperature) inside the test chamber were measured with 
a second RH/temperature meter/probe (not shown in Figure 5) that was identical 
to the one fitted in the three-neck flask. 


When we conducted our first tests at high temperature and high 
humidity, we experienced condensation problems in the system upon cooling 
after the tests. Therefore, we connected a nitrogen line to the input of the 
humidification system to dry out the system and to prevent condensation after 
each day of testing. 
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ey aie Temperature-Control System 


The temperature of the air stream in the droplet-evaporation tests 
was controlled by using a water bath/circulator (Model 2095 Refrigerated and 
Heated Bath; Forma Scientific, Marietta, OH), a secondary water bath 
consisting of a stainless-steel tempering beaker filled with water, insulated 
lines for the airflow, and the specially designed vacuum-insulated glass 
hangdown tube attached to the vacuum bottle of the microbalance. The water 
bath/circulator was set to the temperature needed to produce the required 
temperature of the airflow exiting the hangdown tube and blowing onto the 
suspended droplets. Because of thermal losses or gains in the system, the 
water temperature usually needed to be set higher or lower than the specified 
test temperature. 


The air stream from the humidification system passed through a 
copper coil inside the water bath to heat or cool the air stream as necessary. 
The air then flowed through insulated copper tubing into the three-neck flask 
where the temperature and relative humidity of the air stream were measured. 
The three-neck flask was mostly immersed in the secondary water bath (the 
tempering beaker filled with water). Temperature-controlled water from the 
water bath/circulator flowed through the walls of the tempering beaker so that 
its temperature and the temperature of the water inside it were very close to 
that of the water bath/circulator. From the three-neck flask, the air stream 
flowed through a Tygon-to-copper-to-Tygon line to Valve A. The copper line 
was insulated, and Valve A was made of Nalgene to minimize heat loss or gain. 
From Valve A, the airflow was directed through the hangdown tube or to 
Valve B. 


In addition to the temperatures measured by the RH/temperature 
meters/probes (see the previous section), thermocouples measured the air 
temperature inside the microbalance vacuum bottle and the temperature of the 
air stream at the drop location (referred to as the drop temperature). The 
temperature inside the microbalance vacuum bottle was measured with a type-K 
thermocouple, and the temperature of the air stream exiting the glass hangdown 
tube was measured immediately below the position of the suspended droplets 
with a fast-response type-K thermocouple (Model SA1-K). Both of these 
thermocouples were connected directly to the data-acquisition hardware (see 
Section 7.2.8). The readings of these two thermocouples were checked against 
a calibrated type-K thermocouple and type-K handheld thermocouple thermometer 
(Model 873F). The thermocouples and the thermocouple thermometer were 
obtained from Omega Engineering, Inc., (Stamford, CT). The measured 
temperature of the air stream at the drop location and the measured 
temperature and relative humidity in the three-neck flask (or in the test 
chamber for tests without airflow) were used to calculate the relative 
humidity of the air stream at the drop location. 


For the tests conducted at 40 °C, two light-socket cords with 
300-W incandescent light bulbs were put inside the test chamber near the top 
to heat up the chamber as required. The two lights were wired to a dimmer 
switch to control the light intensity and, thus, the heating inside the test 
chamber. 
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To help cool the air stream for the tests conducted at 15 °C, 
thin-walled (for flexibility) PVC tubing was wrapped around the Tygon tubing 
from Valve A to the hangdown tube and around the hangdown tube. Cooled water 
from a second water bath/circulator (Endocal Refrigerated Circulating Bath, 
Model RTE-5B; NESLAB Instruments, Inc., Portsmouth, NH) was flowed through the 
PVC tubing to cool more efficiently the airflow. The PVC tubing from the 
water bath to Valve A to the end of the hangdown tube was covered with 
insulation for added effectiveness. 


Pee aH | Photographic System 


The photographic system consisted of a telemicroscope fitted with 
a 35mm camera to view and photograph the suspended droplets, an electronic 
flash unit (not shown in Figure 5) that was mounted to provide optimum 
photographic illumination of the droplets, fluorescent lighting (not shown in 
Figure 5) to illuminate the droplets when viewed through the 
camera/telemicroscope, a high-quality flat-surface mirror to view the 
suspended droplets from below, and an electrical switch (not shown in 
Figure 5) to send a signal to the data-acquisition system each time that a 
photograph was taken. 


The telemicroscope was a Model 77 Micro Telescope from Davro 
Optical Systems (Lansdale, PA). The telemicroscope was mounted on X-Y-Z 
translational stages to position and rough focus the telemicroscope. The 
telemicroscope was fine focused using its own focus knob. The camera was a 
Nikon FE2 SLR camera with a Nikon MF-16 Data Back. The flash unit was a 
Vivitar Model-283 automatic electronic flash. The mirror was a 4-in.-diameter 
aluminum-surface mirror (Newport Corporation, Fountain Valley, CA) and was 
held in a Gimbal mirror mount that was attached using a 45° mounting bracket 
to the bottom of the test chamber. The telemicroscope and mirror were 
precisely adjusted to give the camera a planar view of the suspended droplets 
on the filaments of the DSD when the DSD was attached to the microbalance 
hangdown wire. 


PA ES Data-Acquisition System 


The main components of the data-acquisition system included a Swan 
XT10 microcomputer from Tussey Computer Products (State College, PA), a 16-bit 
analog-to-digital (A/D) interface board, a terminal block for connecting 
analog input lines to the A/D board, and data-acquisition software. The A/D 
board (Model ACPC-16), terminal block (Model ACPC-16-8-T11), and data- 
acquisition software were all obtained from Strawberry Tree Computers, Inc., 
(Sunnyvale, CA). The A/D interface accommodated eight analog channels. The 
following devices were interfaced to the eight channels: 


e microbalance 
e RH/temperature meter 
e drop-temperature thermocouple 
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e microbalance thermocouple 


e linear mass flowmeter 
e photo switch 
* spray switch 


In the case of the RH/temperature meter, two different meters with 
probes were included in the droplet-evaporation test system (as described in 
Section 7.2.5) -- one located in the three-neck flask for measuring the RH and 
temperature of the air stream in the tests with airflow, and one located in 
the test chamber for measuring RH and temperature in the tests without airflow 
(see Section 8). The RH and temperature outputs from these two meters were 
wired into a box with a toggle switch that was used to select the readings 
from only one of the two meters to be sent to the computer interface board. 
That is, only one of the RH/temperature meters was interfaced to the computer 
at a time. 


The photo switch and the spray switch were each merely a switch 
connected in series with a battery to provide a voltage signal to record the 
time at which a photograph was taken or the time at which droplet-spraying 
ended (the true start of droplet evaporation). The two switches were manually 
switched on (measurable positive or negative voltage) at the start of a test 
and were then turned off (zero voltage) and back on at the appropriate times 
to mark the corresponding events. 


Pas. Operation 
Fie Shere k Overview 


The operation of the various subsystems of the droplet-evaporation 
test system are described in the following sections. These operating 
instructions are given in general terms. The specific experimental procedures 
for the droplet-evaporation test are given in Section 8. The following 
discussion of the general operation of the test system refers to Figure 5. 


esee Droplet-Spraying Apparatus 


Before using the atomizer, the flow rate of the nitrogen stream to 
be used for the sprayer was checked by opening the two-way valve and by 
turning the three-way valve to direct the nitrogen stream to the two-way 
valve. The rotameter attached to the two-way valve was used to measure the 
nitrogen flow rate. The flow rate was adjusted with the regulating valve 
after presetting the pressure required for the particular test substance. 
After checking the flow rate, the two-way valve was closed. 


The atomizer was filled with approximately 1 mL of the substance 
to be sprayed. To spray droplets onto the DSD filaments, the DSD was held 
with anti-magnetic tweezers, and it was rested on the back of the DSD holder 
over the hole in the holder. Using a clock inside the chamber to time the 
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spraying, the three-way valve was turned towards the sprayer for the 
predetermined time interval and then back towards the two-way valve to stop 
the spraying. 


After the test, the suction device was utilized to clean out the 
atomizer by inserting the end of the 1/16-in.-0.D. tubing inside the atomizer. 
After the excess test substance was removed, the atomizer was rinsed with 
Milli-Q water, which was also suctioned out of the atomizer. 


Viv Electronic Microbalance 


The microbalance was operated according to the manufacturer's 
instructions. Basically, the settings of the control unit of the microbalance 
were set, and tare weights were selected so that the microbalance could be 
zeroed with the dry DSD and so that the mass of the droplets sprayed onto the 
DSD filaments could be weighed directly. The microbalance was always allowed 
to warm up sufficiently before use. 


ee viet Airflow System 


The main airflow through the test system was produced by the pump 
in the air-humidification system. The flow path and flow rate of the air 
stream were controlled with the various valves, and the flow rate was measured 
with the various flowmeters described above in Sections 7.2.4 and 7.2.5. The 
air velocity was measured with the anemometer described above in Section 
7.2.4. As previously mentioned, Figure 5 shows the anemometer probe 
positioned below the DSD, but the air velocity for the tests was actually 
measured at the drop location with the DSD removed. See Section 8 for 
specific information about how the system flow rate and the air velocity were 
set and controlled in the droplet-evaporation tests. 


Hie <2 Air-Humidification System 


Specific instructions about using the air-humidification system in 
the droplet-evaporation tests are given in Section 8. 


(eee 6 Temperature-Control System 


The temperature of the air stream in a droplet-evaporation test 
was primarily controlled by the temperature of the main water bath/circulator 
and was affected by the flow rate of the air stream through the system. The 
temperature of the water bath was set using the temperature control on the 
water bath and was monitored using the bath thermometer. The circulator for 
the water bath was turned on to control the temperature of the secondary water 
bath (the tempering beaker that contained the three-neck flask shown in 
Figure 5). The water levels in both of these water baths were maintained at 
the appropriate levels. See Section 8 for specific instructions about the 
setting of the temperatures for the droplet-evaporation tests. 


Additional temperature control (and humidity control in some 
cases) was afforded by the heating mantle for the water flask in the 


humidification system, the heating ribbon on the output connectors of the 
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humidification system, and the heat-traced line from the humidification system 
to the main water bath. The heating mantle, the heating ribbon, and the heat- 
traced line were separately controlled with variable-voltage controllers. The 
second water bath/circulator that circulated water through the PVC tubing that 
was wrapped around the hangdown tube was also important for low temperature 
tests, and the dimmer-controlled 300-W lights in the test chamber were 
important for the high-temperature tests. These devices were adjusted as 
necessary to achieve the required temperatures for the tests. 


iB 46 yee Photographic System 


Operation of the photographic system consisted of turning on the 
external lighting and operating the camera. Operation of the camera and the 
flash unit was straightforward. Section 8 describes the taking of photographs 
in the droplet-evaporation tests. 


7.328 Data-Acquisition System 


Operation of the data-acquisition system was almost completely 
automatic. When the computer was turned on and all instruments or equipment 
interfaced to the computer were turned on, the data-acquisition system was 
running. The data-acquisition software logged the acquired data into an ASCII 
computer file that was compatible with importing into a spreadsheet program 
for data reduction. We used Lotus 1-2-3 (Lotus Development Corporation, 
Cambridge, MA) for data reduction (see Section 8.8), but other spreadsheet 
programs could have been used. The only steps the operator had to take with 
regard to the data-acquisition system were to verify that all channels were 
reading properly and to set up the data file (i.e., name the data file) for 
each test. The specific use of the data-acquisition system is described in 
the test procedures for the droplet-evaporation tests (see Section 8). 


Hae Calibration 
Jeter Overview 


Numerous measurements were made during each droplet-evaporation 
test (see Section 8). The requirements for the precision and accuracy of each 
measurement depended on the particular measurement being made. Some of the 
measurements were made merely to monitor for changes in the test system that 
would indicate potential problems, and therefore, such measurements did not 
have to be made with high precision and accuracy. Other values had to be 
measured accurately with known precision. The most important parameters 
measured with the droplet-evaporation test system included the mass of the 
droplets (as a function of time), the air velocity, the temperature and 
relative humidity of the air stream, and the number of droplets in each test. 


The droplet-evaporation test system included several different 
measuring devices that included the microbalance, two temperature/humidity 
meters with probes, two thermocouples, five rotameters, the linear mass 
flowmeter, the anemometer, and the photographic equipment. All of the 
measuring devices except the rotameters, the anemometer, and the photographic 
equipment were interfaced to the data-acquisition system (A/D interface and 
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microcomputer) that stored data electronically. In most cases, the function 
of each measuring device was completely separate from the data-acquisition 
system; for example, the temperature/humidity meters, the linear mass 
flowmeter, and the microbalance all output voltages to the computer interface 
that were proportional to their internal readings. The data-acquisition 
hardware read the voltages, and the data-acquisition software running on the 
microcomputer converted the voltages to readings with the correct units. In 
the case of the two thermocouples, the data-acquisition system was an integral 
part of these measuring devices. That is, the thermocouples worked with the 
A/D interface to produce temperature readings. 


It is important to understand how the measuring devices worked 
with the data-acquisition system when determining measurement errors and for 
defining calibration procedures. The microbalance was calibrated using the 
readings displayed by the computer. The thermocouple readings displayed by 
the computer were checked against a calibrated thermocouple and meter. During 
a test, readings displayed by the computer were also saved in a data file. 

The reliability of the stored data was ensured by checking the data against 
values that were recorded manually during the test. 


The following sections discuss the calibration of various 
components of the test system, particularly the measuring devices, and the 
errors associated with the various measurements that were made. 


72 fs Droplet-Spraying Apparatus 


The droplet-spraying apparatus could not be calibrated to 
determine drop size versus spray time for the suspended droplets because it 
was not possible to control precisely the operation of the spray apparatus. 
The behavior of the atomizer inherently varied from test to test, the 
different test substances sprayed differently, and the spray times were 
manually controlled. Calibration of the sprayer was not really necessary, 
however, because we determined the average drop size that was actually 
produced in each test. Regardless of the fact that we did not need to 
calibrate the sprayer, we still determined approximate spray times in 
preliminary tests with water so that we could generate drop sizes close to the 
target drop sizes. The actual drop sizes that were generated in the tests are 
described and discussed in Sections 9 and 10. 


t4n Electronic Microbalance 


The calibration of the microbalance with a 100-mg Class 1.1 ASTM 
standard weight (tolerance within +5 wg) is described in the microbalance 
manual. Calibration with this weight was performed at the beginning of the 
test study and after each time that the temperature inside the test chamber 
was changed to or from the target temperature of 40 °C. The microbalance 
calibration was also checked on each day of testing with a daily calibration 
weight. 


The sensitivity of the microbalance that we used ranged from about 
1 to 5 wg. During use, however, the noise level of the microbalance was 
significantly greater than the ultimate sensitivity because of a slight motion 
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of the DSD and by the flow of water (in the tests at 15 °C) through the PVC 
tubing that was wrapped around the hangdown tube. When the airflow was 
directed at the droplets, the noise level increased significantly, but no 
important mass measurements were made with the airflow directed at the 
droplets. The relative error in the mass measurements (without airflow 
directed at the droplets) depended on the noise level and on the magnitude of 
the mass of the droplets being measured. That is, the relative error was more 
significant for the smaller droplets. The data for each test must be analyzed 
individually to determine the noise level and error associated with the mass 
measurements for that test. 


tpg deg Airflow System 


Measured flow rates in the test system were only useful in setting 
flow rates that determined the air velocity, temperature, and relative 
humidity for a droplet-evaporation test. The actual values of the flow rates 
were not important quantitative data, but changes in the flow rates during a 
test could be important if such changes caused a change in the air velocity, 
temperature, or relative humidity. For these reasons, the measured flow rates 
were recorded immediately before and after a test to show that no significant 
changes occurred. Also, the total flow rate through the test system was 
monitored throughout a test by the linear mass flowmeter just downstream of 
the pump. Before each test, this flow rate was monitored for a sufficient 
time to determine a baseline flow rate and the random variation in that flow 
rate. Because the actual flow rates were not important, calibration of the 
flowmeters was not required. 


The air velocity, however, was an important experimental parameter 
that was measured with an anemometer. The Kurz anemometer that we used was 
calibrated by the manufacturer, and the certified calibration was NBS 
traceable. For air velocities measured on the 0- to 50-ft/min analog scale of 
the anemometer, the estimated reading error was +5 ft/min; for the 100- to 
200-ft/min scale, the estimated error was +10 ft/min; and for the 100- to 
500-ft/min scale, the estimated error was +25 ft/min. When making the air- 
velocity measurements, we selected the most precise scale that could be used. 


CESS Air-Humidification System 


The measured flow rates of the rotameters in the humidification 
system were only important for measuring the relative wet and dry airflows for 
the humidification system. The actual values of these flow rates were not 
important experimental data. Only the temperature and relative humidity and 
the air velocity of the air stream had to be measured reliably. Knowledge of 
the flow rates were only useful for quickly generating the required conditions 
for the air stream before a test. 


The RH/temperature meters and probes used in the test system were 
designated as Meter 1 Probe 1, Meter 2, and Probe~2. ~ These RH/temperature 
meters were calibrated by the manufacturer, and the calibration was expected 
to be valid for three years. It is important to note that each meter/probe 
pair was calibrated as one measuring unit. To verify that the meters were 
still measuring RH and temperature accurately for the droplet-evaporation 
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study, the meter/probe pairs were checked prior to the droplet-evaporation 
study and after Meter 1/Probe 1 had to be replaced when it failed during 
testing. The meter/probe pairs were checked against one another and directly 
or indirectly against a wet-bulb/dry-bulb hygrometer and a calibrated 
thermocouple and meter. Because Probe 1 was sealed in the three-neck flask 
and could not be easily removed, the reading of Meter 1/Probe 1 was checked 
against Meter 2/Probe 2, which was checked against another standard. 


To check Meter 1/Probe 1 versus Meter 2/Probe 2, both were used to 
measure the same air stream at a known temperature and relative humidity. 
This was accomplished by temporarily routing the airflow out of the three-neck 
flask into a second three-neck flask that was also mostly submerged in a water 
bath (tempering beaker filled with water) similar to the one in which the 
first three-neck flask was contained. The water from the circulating water 
bath was temporarily plumbed to flow through both tempering beakers so that 
the temperatures of both three-neck flasks were the same. Meter 2/Probe 2 was 
temporarily sealed in the second three-neck flask. The humidified air stream 
through both three-neck flasks was allowed to equilibrate (as shown by steady 
readings of both meters). 


The readings of both meter/probe sets were checked at three 
humidities (low, moderate, and high) at the test temperature to verify that 
the meters gave the same readings within the manufacturer's accuracy 
specifications (+5% for RH and +1 °F for temperature) for the meter/probe 
combinations. Meter 2/Probe 2 was also checked against a wet-bulb/dry-bulb 
hygrometer under the same temperature and RH conditions and was also checked 
against a calibrated thermocouple and meter. If the readings of the 
meter/probe pairs did not agree, a determination was made about which 
meter/probe was out of calibration. As necessary, Meter 2/Probe 2 was re- 
calibrated for RH against Meter 1/Probe 1 if Meter 1/Probe 1 was known to be 
accurate, or Meter 2/Probe 2 was re-calibrated using standard salt solutions 
as described in the manual for the RH/temperature meter and probe. 

Meter 1/Probe 1 was re-calibrated as necessary against Meter 2/Probe 2. 


8.6 Temperature-Control System 


As previously described, particular air temperatures were measured 
during the tests with the RH/temperature meter/probe pairs (see the previous 
section). In addition, thermocouples measured the air temperature inside the 
microbalance vacuum bottle and the drop temperature (temperature of the air 
stream at the drop location). The vacuum-bottle temperature was recorded 
during the tests to monitor for potential problems. Baseline readings were 
recorded by the computer immediately before droplet-evaporation data were 
recorded. The thermocouple that measured the drop temperature was checked 
against a calibrated thermocouple and meter, which were calibrated as a unit 
against a mercury-in-glass thermometer (Fisher Scientific, Pittsburgh, PA) 
that had an NIST-traceable calibration. The accuracy of the temperatures 
measured with the various thermocouples was estimated to be +2 °F. 
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ta hi Photographic System 


The photographs taken during the droplet-evaporation tests 
contained images of the DSD filaments and the suspended droplets when present. 
The photographic system did not require any calibration because the average 
drop size in each test was calculated from the total initial mass of the 
droplets, the number of droplets as counted in the corresponding photograph, 
and the average filament diameter that was measured separately (see 
Section 8.7). There was some error associated with the counting of the 
droplets in the photographs because sometimes a few very small droplets were 
formed that were difficult to count. We estimate that the error in counting 
the droplets in the photographs was no more than +3%, which amounted to a 
counting error of one or two droplets per photograph. 


A428 Data-Acquisition System 


No specific calibration was required for the data-acquisition 
system. The readings displayed by the computer were either verified during 
the calibration of the corresponding measuring devices or were checked against 
calibrated measuring devices. To verify that the data-acquisition system was 
functioning properly during each droplet-evaporation test, computer-display 
readings for the various devices interfaced to the data-acquisition system 
were checked against the readings displayed by the individual devices that had 
their own displays or against measurements made with other devices. 


8. DROPLET-EVAPORATION TEST PROCEDURES 
S51 General 

The second and most important phase of Task TA-31 was the droplet- 
evaporation testing of the SDTF range-finding solutions. The droplet- 
evaporation tests were conducted as outlined in the Outline Plan for Task 
TA-31 and in the Study Protocol for SDTF Study P91-001. 
8.2 Good Laboratory Practice (GLP) Procedures 

The droplet-evaporation test data for the three SDIF range-finding 
solutions were generated according to EPA FIFRA Good Laboratory Practice (GLP) 
standards as defined in 40 CFR Part 160, effective October 16, 1989. The SDTF 
Study Protocol P91-001, SRI SOPs, and when necessary, SDTF SOPs were followed. 


8.3 Test Substances 


The SDTF range-finding solutions for the droplet-evaporation tests 
were described in Section 4.2. 


8.4 Daily Preparation for Droplet-Evaporation Tests 
Brite rl, Overview 


Generally, several droplet-evaporation tests were conducted on a 
given work day. Preparation for the droplet-evaporation tests was performed 
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at the beginning of each day that tests were conducted. The daily preparation 
typically did not need to be repeated on a given day. One of two types of 
tests were conducted during Task TA-31. Most of the tests were standard tests 
conducted with airflow, but we also conducted ambient tests without airflow. 
(In our SOPs, an ambient test was also referred to as a Case-l test, anda 
standard test was also referred to as a Case-2 test.) These two types of 
tests are described in more detail in Section 8.5.9 but are referred to before 
that section. 


Baas Daily Checklist 


A daily checklist (Daily Checklist for Droplet-Evaporation Tests) 
was used on each day of testing to ensure that the daily preparation for the 
droplet-evaporation tests was performed properly. The checklist was also used 
at the end of the day to shut down the system (see Section 8.6). 


8.4.3 Preparation and Handling of Test Substances 


The test substance for each day of testing was prepared and 
handled according to applicable SRI SOPs and according to the Study Protocol 
for SDTF Study P91-001. Specific information about the preparation and usage 
of the test substances was recorded in appropriate logbooks. 


All of the tests reported in this report were conducted using a 
small atomizer as previously described. Approximately 50 mL of the test 
substance was transferred to a small narrow-mouth polyethylene wash bottle 
that was used to fill the atomizer when needed. 


B42 Preparation of Test System 


The droplet-evaporation test system was described in Section 7, 
and a schematic diagram of the droplet-evaporation test system was shown in 
Figure 5. This section of the data report describes the detailed preparation 
of the test system for conducting droplet-evaporation tests. 


SE Ta Droplet-Evaporation Test-System Logbook 


The date, user name, project number, and any pertinent comments 
were recorded in the test-system logbook each day that the droplet-evaporation 
test system was used to perform tests. 


3.4 tn 2 Microbalance 


The microbalance was checked to be sure that all electrical 
connections were made and that the power was still on from the previous day. 
The microbalance was allowed to warm up at least overnight prior to use for 
the droplet-evaporation tests. For the most part, the microbalance was left 
on during the course of the experimental study. The output switch for the 
microbalance was switched to the SHORT position when measurements were not 
being made. 
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The hangdown wire for both the sample side and the tare side were 
checked to be sure that everything was ready. The tare weight was also 
checked. 


A clean droplet-suspension device was selected for use, and the 
DSD number was; recorded on the daily checklist. The DSD was cleaned prior to 
testing by dipping it into distilled water and swirling it gently. The DSD 
was dried completely before use. The DSD was then suspended from the 
microbalance hangdown wire. 


a eats Sd Sl Flow System 


The flow system (including flow components of the humidification 
system) was checked for proper connection for the day’s tests. The flow of 
compressed nitrogen through the microbalance vacuum bottle was checked to 
ensure that it was at a flow rate of 50 mL/min as read by Rotameter 3. With 
the main system flow off, Valve A was turned to direct the main flow of the 
test system through Valve B. Valve B was turned to direct the flow through 
Rotameter 1 (high flow rate) or Rotameter 2 (low flow rate) depending on the 
flow rate needed for the first standard test of the day. 


ped bel ad Ss Humidification/Temperature-Control System 


The main water bath/circulator was set to the required temperature 
for the tests to be conducted that day, and then the bath/circulator was 
turned on so that it could pre-equilibrate. The circulation of water through 
the tempering beaker that contained temperature/humidity Probe 1 was checked. 
The drying tubes before the pump were checked, and the drying agent was 
replaced as needed. The pump for the humidification system was then turned 
on, and the relief valves on the pump and the wet and dry rotameters were 
adjusted to produce the approximate flow rate and relative humidity for the 
first standard test of the day. Temperature/humidity Meter 1 was turned on to 
monitor the temperature and humidity of the flowing air stream, and 
temperature/humidity Meter 2 was turned on to monitor the temperature and 
humidity inside the test chamber. Note that to save time, the water 
bath/circulator and the temperature/RH meters were typically left on during 
the test program. 


For high-temperature (40 °C) and/or high-humidity tests, the 
variable-voltage controller that powered the heat-traced line from the 
humidification system to the main water bath was turned on and adjusted. Also 
for high-temperature tests, the variable-voltage controllers that powered the 
heating mantle under the humidification-system water flask and the heating 
ribbon in the humidification system were turned on and adjusted. The lights 
inside the test chamber were also turned on, and their brightness was adjusted 
with the dimmer switch. 


For tests conducted at low temperature (15 °C), the second water 
bath/circulator was turned on to circulate cooled water through the PVC tubing 
that was wrapped around the microbalance hangdown tube. This water bath was 
usually left on for the duration of a series of low-temperature tests. 
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After all components of the humidification/temperature-control 
system were turned on and adjusted, the air stream was allowed to equilibrate 
in temperature and relative humidity. Fine adjustments were made to the 
various controls as necessary. 


8.4.4.5 Photographic System : 


The flat-surface mirror was checked to be sure that it was clean. 
If necessary, the mirror surface was gently cleaned with lens paper and 
acetone. As needed, a new roll of film was opened, the first date of use was 
recorded directly on the film canister with a pen or marker, and the film was 
loaded into the camera. All of the camera settings were checked to be sure 
they were properly set. The necessary information about the film was 
recorded, and the camera settings were recorded. The film was checked to 
ensure that it advanced properly. The batteries in the camera and the 
electronic flash (unless it was powered by a voltage adapter) were checked. 
The databack on the camera was set to imprint the date on the photographs. 
The fluorescent lighting that illuminated the filaments of the DSD was turned 
on. 


The DSD was viewed through the camera viewfinder, and the 
telemicroscope was aligned and focused on the bare filaments of the DSD. One 
or two photographs of the bare filaments were manually taken to document the 
date on the roll of film. If any photographic problems were evident (for 
example, the flash did not work), the problem was corrected and additional 
photographs were taken until at least one good photograph could be expected. 
The necessary information about the photographs was recorded. The camera 
databack was reset to imprint the photograph number on subsequent photographs. 
The number to be imprinted on the next photograph was checked and corrected if 
necessary. The dated photographs were included in the photograph count. 


Searare Data-Acquisition System 


The data-acquisition microcomputer was turned on. After the 
computer booted up and the data-acquisition software started up, the readings 
on the computer display were checked to verify that computer measurements were 
being made. The temperature and relative-humidity readings on the computer 
were checked against the display readings on the two RH/temperature meters. 
Selection between the two meters was made using the toggle switch. The 
readings of the microbalance thermocouple and the drop-temperature 
thermocouple were checked to be sure that they were reading properly. The 
voltage reading (approximately 1.5 V) for the photo switch and the voltage 
reading (approximately -1.5 V) for the spray switch were checked to be sure 
that the switches worked properly. Verification was made that each switch 
changed the voltage to zero when it was turned off. The reading for the 
linear mass flowmeter was checked to ensure that it was functioning properly. 


The microbalance output was switched to OUTPUT to ensure that the 
microbalance was working. The microbalance reading was zeroed with the DSD 
suspended. After the microbalance was zeroed, the microbalance was switched 
to SHORT, and the daily calibration weight (10 mg) was carefully suspended 
along with the DSD from the suspension wire. The microbalance was switched to 
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OUTPUT, and the mass of the calibration weight was measured and recorded; if 
the measured mass was 10.3 + 0.1 mg, the microbalance was functioning 
properly. The microbalance switch was returned to SHORT. The daily 
calibration weight was removed and stored. 


BA sAsa/, Drop-Spraying Apparatus ‘ 


The drop-spraying apparatus was checked to be sure that it was 
ready for testing. The supply of compressed nitrogen for the drop-spraying 
apparatus was checked for a sufficient amount for the day’s tests. The 
atomizer was cleaned and readied for use. The nitrogen flow rate for the 
atomizer was set to the required flow rate as read by the rotameter for the 
spraying apparatus. 


8.45 Specific Test Procedure 
825e0h Test Checklist 


A test checklist (Checklist for Individual Droplet-Evaporation 
Tests) was used to ensure that the test procedure was followed correctly and 
to record pertinent information. 


8. ute Test Number 


It is important to note that each test had a unique test number 
that was assigned to it based on the date of the test and a letter from the 
alphabet corresponding to the order that tests were conducted on that 
particular date. For example, the third test conducted on September 1, 1992, 
had the test number 090192C. Test numbers were assigned in this way so that 
they could be easily identified and so that the first seven digits of the 
filenames for the corresponding computer data files could be the same as the 
test numbers. That is, the ASCII computer file containing the raw data for 
Test 090192C has the same name (see Section 8.5.6), and the reduced computer 
data file for this test has the same name with a ".WK3" extension added that 
indicates that the reduced data file is a Lotus 1-2-3, Release 3.x spreadsheet 
file (see Section 8.8). 


Every test number was assigned immediately prior to the test and 
was not changed. If the test had to be aborted for one reason or another, the 
test number remained associated with the aborted test to prevent confusion. 


8 5e3 Flow Equilibration 


If an ambient test (no airflow) was to be conducted, the following 
steps described in this section were skipped. 


The DSD was temporarily removed, and the anemometer probe was 
positioned at the drop location. The thermocouple that measured the drop 
temperature (i.e., the temperature at the location where droplets would be 
exposed) was left in its proper location. Valve A was turned to direct the 
air stream through the hangdown tube. The following values were then read: 
the measured temperature and RH of the air stream in the three-neck flask, the 
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measured velocity of the airflow at the drop location, and the drop 
temperature. The anemometer was momentarily turned off and moved away from 
the drop location while measuring the drop temperature. Using the measured 
temperature and RH of the air stream, the measured drop temperature, and 
tables of RH conversion factors, the RH at the drop location was calculated. 
The total flow rate through the test system, the relative flow rates of..the 
wet and dry air streams, and the temperature of the water bath/circulator were 
adjusted to produce an air stream at the required temperature, relative 
humidity, and air velocity at the drop location. When the required conditions 
were attained, the readings were recorded. The calibrated thermocouple and 
meter were used to verify the drop temperature. 


Valve A was turned back to direct the air stream through Rotameter 
1 or 2, and then the total system flow rate as measured by Rotameter aor 2 
was recorded. This flow rate and the RH and temperature in the three-neck 
flask were monitored (when possible) during the test(s) to be sure that 
conditions did not change significantly. If changes were apparent, the system 
was reset to the correct conditions. After setting the environmental 
conditions, the anemometer was turned off, and the anemometer probe was moved 
away from the drop location. 


The laboratory temperature and the temperature inside the test 
chamber as read by RH/temperature Meter 2 were recorded. The switch that 
selected between the two RH/temperature meters was then switched to the 
correct meter for the test. 


The DSD number was rechecked and recorded, and the DSD was re- 
suspended. 


$05 24 Droplet-Suspension Device and Preliminary Photograph 


All of the camera settings were checked to be sure they were 
correct for the test. The camera settings were recorded. The camera databack 
was checked to be sure that the photographs would be imprinted with the 
correct photograph number. With only the 50-mL/min dry nitrogen flow through 
the microbalance vacuum bottle and hangdown tube, the camera/telemicroscope 
was focused on the bare filaments of the DSD. A photograph of the bare DSD 
filaments was manually taken to document the appearance of the bare DSD. If 
there was any apparent problem with the photograph, a second photograph was 


‘taken. The camera was checked to be sure that the film advanced and that the 


camera was ready to take additional photographs. Information about the 
photograph(s) was recorded on the test checklist. 


8x55 Microbalance 


Verification was made that the main flow through the test system 
bypassed the hangdown tube and that the flow rate of dry nitrogen through the 
microbalance vacuum bottle and hangdown tube was 50 mL/min. With only the 
clean, dry DSD suspended from the microbalance, the microbalance was zeroed. 
The microbalance output was returned to SHORT. 
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8.5.6 Data-Acquisition 


A final check was made of the values displayed by the computer 
(except for the reading from the microbalance, which was switched to SHORT). 
The toggle switch for the two RH/temperature meters was double checked at this 
point to be sure that it was switched to the correct position for the test. 


If the test was an ambient test (no airflow), the steps in the 
next paragraph were skipped. 


Valve A was turned to redirect the flow of air through the 
microbalance hangdown tube. The microbalance was switched to OUTPUT to 
measure the drag weight of the bare DSD. When the mass reading on the 
computer was relatively stable, the approximate drag weight was recorded. The 
microbalance was returned to SHORT. Valve A was left in position to direct 
the airflow through the hangdown tube to re-equilibrate the air stream as it 
flowed through the hangdown tube. 


The computer software was switched from the Display Mode to the 
Setup Mode. The filename for data logging was then changed to the test number 
using the following format: 


MONTH + DAY + YEAR + TEST LETTER 


For example, the second test conducted on October 12, 1992, had the following 
filename and test number: 
101292B 


Using this format, up to 26 filenames (and 26 test numbers) could be created 
in one day. 


The data-acquisition program was then returned to the Display Mode 
(with data logging). The display readings were then checked for reliable 
readings for all channels. The measured mass showed that the microbalance was 
still shorted. The program was then switched to the Graphing Mode for visual 
monitoring of the data logging. When all channels showed equilibration for 
approximately five minutes, the main airflow was diverted away from the 
hangdown tube by turning Valve A. (Valve A was already turned to bypass for 
an ambient test.) The microbalance was then switched to OUTPUT to collect 
baseline data for the microbalance to establish the baseline and the noise 
level without airflow. Baseline data were coilected for at least five 
minutes. Then, for a standard test, Valve A was turned to direct airflow 
through the hangdown tube to collect data on the DSD drag weight and collect 
drag data for five minutes. The microbalance output was switched to SHORT and 
the software was returned to Display Mode. The computer was allowed to 
continue collecting data while proceeding to the next step of the test 
procedure. 


Se5-2/. Droplet Spraying 


The spray time to be used for the test was recorded. The atomizer 
was checked to make sure that the atomizer nitrogen flow was diverted away 
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from the atomizer. The contents of the wash bottle containing the test 
substance were agitated, and the atomizer was filled. If necessary, the small 
atomizer was rinsed once or twice with some of the test solution. The 
atomizer was positioned and momentarily turned on to check its operation and 
to flush it out with fresh solution. 


Valve A was turned to bypass the hangdown tube. The DSD was 
carefully grasped with a pair of tweezers and was centered over the hole in 
the plastic shield through which the atomizer sprayed its mist. The spray 
switch was turned off and, while watching the second hand on a clock, the 
three-way valve that controlled the flow of nitrogen to the atomizer was 
turned on. The DSD filaments were sprayed for the required spray time. At 
the end of the required spray time, the sprayer was quickly turned off, and 
the spray switch was turned back on to record the end of the spray time. (It 
is important to note that the spray switch was not used to document the actual 
spray time but the moment that spraying was stopped. The actual spray time 
was recorded in the test checklist.) The DSD was then quickly and carefully 
re-suspended from the hangdown wire of the microbalance. 


$528 Measurement of Initial Drop Size 


As soon as possible after the DSD and droplets were suspended from 
the hangdown wire, the door on the test chamber was closed and the 
microbalance was switched to OUTPUT. The telemicroscope was quickly focused 
on the droplets and an initial photograph of the droplets was taken. The 
photo switch next to the camera was switched at the same time that the 
photograph was taken, and the photograph number was recorded. The approximate 
initial total mass of the droplets was read and also recorded on the test 
checklist. 


S539 Measurement of Evaporation Rate 


The next step in the test procedure was to measure the evaporation 
of the droplets. The ambient and standard test cases are described in the 
following subsections. 


Syoee aL Ambient (Case-1l) Test 


This was a control test to measure droplet evaporation in the 
absence of airflow. In this case, the microbalance was allowed to continue to 
acquire data with no exposure of the droplets to airflow. For an ambient 
test, the temperature and relative humidity for the test were the ambient 
conditions in the test chamber. These conditions were measured using 
temperature/humidity Meter 2/Probe 2. Photographs were taken manually during 
the test. The last photograph was usually taken at the moment when the 
droplets appeared to evaporate completely. When a photograph was taken, the 
photo switch was manually activated, and the photograph number was recorded. 


Because the temperature and relative humidity could not be 
controlled in ambient tests, the usefulness of the data are limited. However, 
the data can be used to generate curves of evaporation rate versus drop size 
in the absence of airflow. The data can also be used to estimate (by 
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extrapolating backwards) the amount of evaporation that may have occurred 
between the time that droplets were sprayed on the DSD and the time that the 
initial mass of the droplets was measured in the test. This estimation would 
apply to any ambient or standard test that was conducted with similar ambient 
conditions in the test chamber. 


8 9509 22 Standard (Case-2) Test 


This test case was used to measure the overall evaporation rate 
for droplets exposed to a constant air velocity. As soon as the initial total 
mass of the droplets was measured and recorded and the initial photograph of 
the droplets was taken, Valve A was turned to direct the airflow through the 
hangdown tube. When the droplets had almost completely evaporated, the 
airflow was quickly turned to bypass so that the residual mass of the droplets 
could be measured. It was important that the droplets still have enough mass 
to be reliably measured. As soon as Valve A was turned to bypass, the 
camera/telemicroscope was quickly refocused on the droplets and a final 
photograph of the droplets was taken. The photo switch was activated at the 
moment that the final photograph was taken, and the photograph number was 
recorded. 


The value of the data from the standard droplet-evaporation tests 
is discussed in Section 10. 


S25). 10 Completion of Test 


When the droplets in the evaporation test completely evaporated, 
the microbalance was switched to SHORT. The computer software was returned to 
Setup Mode to stop data collection. The data file was set to DUMMY to protect 
the test file. The flow rates for the wet and dry air streams were checked, 
and the total system flow rate as measured by Rotameter 1 or Rotameter 2 was 
checked and recorded. The DSD was removed and dipped in distilled water to 
clean it, and then it was dried for another test. The atomizer was cleaned 
and rinsed with distilled water in preparation for another test. 


8.6 Daily Shutdown 


After the testing for the day was completed, the DSD and atomizer 
were thoroughly cleaned. The microbalance was left on with the output switch 
in the SHORT position. The system airflow was turned off, the valve for the 
wet airflow was closed, and the nitrogen flow for the atomizer was turned off. 
The dry nitrogen flow through the test system was started to dry out the 
system. All variable-voltage controllers were turned off or turned down as 
needed. When used, the lights in the test chamber were turned down but were 
left on to maintain an elevated temperature in the test chamber. The photo 
switch and the spray switch were turned off, and the computer was turned off. 
The photographic equipment was turned off and the telemicroscope was capped. 
The water bath/circulator(s) was left on. All of these shutdown procedures 
were checked off at the end of the daily checklist (Daily Checklist for 
Droplet-Evaporation Tests) that had also been used at the beginning of the 
day. 
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ters Measurement of DSD Filament Diameters 





The diameter of each glass filament on each DSD that was used for 
testing was measured using a Zeiss Polarizing Microscope (Car luzéiss Meine FZ) 
Thornwood, NY). The microscope was calibrated before it was used. The 
diameter of each filament was measured in wm, and then the average filament 
diameter was calculated for each DSD. The error on the individual filament 
measurements was estimated to be 2 um. 


8.8 Data Reduction, Analysis, and Handling 


The raw experimental data from each droplet-evaporation test 
primarily consisted of the following five components: (1) the daily checklist 
for the test system, (2) the checklist (and data form) for the individual 
test, (3) the data file generated by the data-acquisition computer during the 
test, (4) the corresponding photographs in the developed proof sheet of the 
film used during the test, and (5) the average measured filament diameter for 
the DSD used in the test. All of these items were previously described. 


The daily and test checklists were stored in binders that were 
kept in a limited-access laboratory or office that was locked at night. The 
data files that were generated on each day of testing were stored on the hard 
drive of the data-acquisition computer until the files were copied to two 
separate diskettes (labelled Copy #1 and Copy #2) for storage and subsequent 
data reduction and analysis. Thus, two complete sets of copies on separate 
sets of diskettes were made for each day’s tests. The diskettes were fully 
labelled with the project number and the filenames for the data files, and 
they were write-protected. After copying to diskettes, the original files on 
the hard drive of the data-acquisition computer were deleted to conserve hard- 
disk space. The data-acquisition computer was in a limited-access laboratory 
that was locked during non-working hours. The two identical diskettes were 
stored in separate diskette boxes in a limited-access office that also was 
locked during non-working hours. Each roll of exposed film from the testing 
was developed into a proof sheet. The proof sheet was labelled with the 
appropriate test date(s) and was then stored in the project file. The data 
sheets with the measured DSD filament diameters were placed in a binder and 
stored in the project file. 


The data reduction-and-analysis procedure involved the processing 
of the raw data from each droplet-evaporation test. This procedure did not 
alter the raw data in any way; therefore, the raw data can be subjected to 
another data reduction-and-analysis procedure that may be required at a later 
time. The data reduction-and-analysis procedure involved the generation of a 
computer spreadsheet file for each test using the raw data. From the 
spreadsheet file, a formatted table and two different graphs of the 
experimental data could be printed. The final output of this data reduction- 
and-analysis procedure was the spreadsheet file and the printed table and 
graphs. The summary of the reduced data and any additional analysis of the 
test data (in addition to the analysis of the raw data for the individual 
tests) were not routine procedures and, therefore, are described in Section 9. 
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To reduce and analyze the raw data for a droplet-evaporation test, 
all of the corresponding raw data for the test were taken to the computer to 
be used to generate the spreadsheet file. Copy #2 of the data diskette was 
used. The data file from the test to be analyzed was copied to the hard drive 
of the computer. (The diskette was not affected.) Using Lotus 1-2-3, Release 
3.1+, the data were imported into a 1-2-3 worksheet. The resulting raw-data 
spreadsheet was immediately saved as a .WK3 spreadsheet file with the same 
filename as the original raw data file. The spreadsheet file entitled 
Z-MACRO.WK3 was opened after the test worksheet. With the data worksheet 
active, the macro ALT-z was run on the worksheet to process the data. As the 
macro processed the data, it prompted the user for all required information 
from the handwritten checklists, for the number of droplets in the initial 
photograph of the droplets, and for the average filament diameter for the DSD 
that was used. After the macro was finished, the user checked the tabulated 
data and the calculated values. The user verified that the macro selected the 
best data points for the calculations. If necessary; different data points 
were selected for the calculations, and the appropriate changes were made in 
the worksheet. No raw data values were changed; only worksheet addresses to 
be used in calculations were changed if doing so was justifiable. 


After the worksheet for a given test was completed, the 
spreadsheet file was stored to the computer hard drive. This file was then 
copied to a labelled floppy diskette that was write-protected and kept ina 
temporary safe place until archived. When needed, the tabulated data and two 
graphs of the reduced data were printed from the saved spreadsheet file. The 
printed table and graphs were stored in a binder. 


9. RESULTS OF DROPLET-EVAPORATION TESTS 
9 ch Description of Raw Data 


As previously described in Section 8, the specific raw data for 
each droplet-evaporation test consisted of the following items: 


e daily checklist for the test system (applicable to all tests 
run on a given day) 


° checklist (and data form) for the test 

« raw data file 

« test photographs 

e average measured DSD filament diameter (applicable to all 


tests performed with the particular DSD) 


In addition, various logbooks for the test substances and for the laboratory 
equipment contained important information applicable to the testing. (With 
regard to GLP standards, the raw data for STDF Study P91-001 includes all 
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information related to the actual testing of the SDTF range-finding 
solutions.) 


The daily checklist was used to document the startup of the test 
system and to record the initial setting of test parameters fore thes day*he The 
test checklist was used to document the stepwise performance of a test and to 
record details and test parameters applicable to the test. The raw data file 
was the file generated by the data-acquisition computer during a test. The 
raw data file contained the data that were recorded by the data-acquisition 
system during the test. The raw data file is described further in the next 
section. The photographs taken during each test documented the number of 
drops in the test and the end of the test. (Additional photographs were taken 
in some of the tests to document the appearance of the droplets as a function 
of time.) The roll of film used when taking photographs was developed into a 
one-page proof sheet. The proof sheet typically contained photographs from 
several tests. Most of the photographs in each proof sheet were imprinted 
automatically by the camera databack with sequential photograph numbers. 
Before a series of tests on a given day, the first photograph(s) taken was 
imprinted with the date to be sure that the proof sheet could be properly 
identified after being developed. The average filament diameter for each DSD 
that was used was measured and recorded separately from the testing. 


so Aas Description of Reduced Data 


Appendix A shows an example of raw test data that were imported 
into the spreadsheet program and printed without any changes to the imported 
data. The data-acquisition software was set up to record the readings from 
eight analog channels as a function of date and time. Appendix A shows 
exactly how the raw data were recorded by the data-acquisition computer. The 
raw data file for each test was reduced and analyzed as described in 
Section 8.8. In general, the data reduction involved the use of the 
spreadsheet program and a custom-written macro to automatically reduce the raw 
data file. The macro performed exactly the same steps on all data files. The 
spreadsheet macro automatically prompted the person performing the data 
reduction for all of the necessary inputs from the other raw data (i.e., test 
and parameter information from the checklists, the number of droplets from the 
first photograph of the droplets, and the average DSD filament diameter). The 
spreadsheet macro performed all of the necessary tabulating, formatting, 
calculations, and graphing of the test results. The macro prepared a table 
and two graphs of the reduced data. 


When ready for hardcopy of the test results, another simple 
spreadsheet macro was used to print the table and to plot the two graphs 
prepared by the data-reduction macro. Appendix B contains an example of the 
printed and plotted reduced data from a droplet-evaporation test. The reduced 
test results in Appendix B are actually the reduced data from Appendix A. 
Appendix B shows the reduced data exactly as they were generated by the 
spreadsheet program -- a table followed by two plots of the test data. 


The data in Appendix B are for an ambient droplet-evaporation test 
(Case-1 test) without airflow. Appendix C contains an example of a standard 
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droplet-evaporation test (Case-2 test) with airflow. Most of the tests that 
we performed were standard tests. 


As previously described and as shown in Appendixes B and C, the 
printed reduced data for each test consists of a table and two plots. The 
table lists on each page (for easy reference) specific information for the 
test including all inputted values (prompted for by the spreadsheet macro) and 
all important calculated values. The information at the top of each page is 
followed by the running tabulated data for the test. The values in the table 
are either values directly from the raw data file or values calculated from 
the raw data. Following the table, the two plots show the graphed data from 
the test. The various elements of the reduced data are described in more 
detail in the following paragraphs. 


Each printed table of reduced data includes listings of the 
following data with the corresponding table headings: 


e The Elapsed Time, sec is the running test time calculated 
from the absolute times recorded during the test. 


e The Microbalance Mass, wg is the output from the 
microbalance during the test. 


e The Meter Temperature, °F is the temperature of the air 
stream measured upstream of the DSD for standard droplet- 
evaporation tests. For ambient tests (no airflow), the 
meter temperature is the measured temperature inside the 
test chamber. 


6 The Meter Relative Humidity, % is the relative humidity of 
the air stream measured upstream of the DSD for standard 
droplet-evaporation tests. For ambient tests (no aa ctLLow). 
the meter RH is the measured RH inside the test chamber. 


e The Drop Temperature, °F is the air temperature measured 
immediately below the drop location. 


° The Calculated Drop Relative Humidity, % is the relative 
humidity of the air immediately below the drop location. 
This RH is calculated from the meter temperature, the meter 
RH, the drop temperature, and an RH conversion factor from a 
table of RH values versus temperature. 


6 The Microbalance Temperature, °F is the measured air 
temperature inside the vacuum bottle of the microbalance. 


e The Flow Rate, L/min is the total flow rate of air through 


the test system during the test. (The measured air velocity 
during the test depended on the flow rate.) 
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e The Photo Switch Voltage, V is the voltage from the switch 
circuit used to mark the time at which photographs were 
taken. 


e The Spray Switch Voltage, V is the voltage from the switch 
circuit used to mark the time at which the droplets were 
sprayed onto the DSD filaments. 


The most important reduced tabulated data are the elapsed time, the 
microbalance mass, the drop temperature, and the calculated drop RH. The 
elapsed time and the microbalance mass were used by the spreadsheet macro to 
calculate the initial droplet properties and the overall evaporation rate (see 
below). The drop temperature and the drop RH document the actual exposure 
conditions (in addition to the air velocity) in the test. The photo-switch 
voltage was used to determine points to be used to calculate the initial 
droplet properties and the overall evaporation rate. The spray-switch voltage 
documents the spray time. The meter temperature and the meter RH were used 
with the drop temperature to calculate the drop RH. (Remember that in the 
standard tests, the meter temperature and meter RH were the measured 
temperature and RH of the air stream in the three-neck flask upstream of the 
test chamber; but in the ambient tests, the meter temperature and meter RH 
were measured inside the test chamber.) 


The microbalance temperature and the flow rate were not important 
experimental parameters, but they were measured and recorded to verify the 
proper operation of the test system during the tests. (The flow rate was not 
meaningful for the ambient tests.) These parameters could possibly indicate 
problems with the microbalance or the flow system. These values could also 
possibly be used to explain any anomalies in the test data caused by changes 
in the microbalance temperature or the air velocity (as indicated by the flow 
rate). 


At the end of the tabulated data, the spreadsheet macro calculates 
and gives the average values for the measured temperatures, relative 
humidities, and the total system flow rate during the entire test. It is very 
important to note that the applicability of the average values depends on the 
type of test that was conducted. The spreadsheet macro used to reduce the 
test data did not distinguish between the two types of tests and treated the 
data for each test in the same manner. 


For standard tests, the average drop temperature and the average 
drop RH are the average values with the airflow turned both on and off, and 
therefore, these average values do not have any real meaning. To determine 
the applicable average drop temperature and average drop RH during exposure in 
a standard test, one must go to the individual tabulated data and calculate 
the average values during the exposure period (or during the pre-equilibration 
period). For an ambient test, the average drop temperature and average drop 
RH are applicable because they were the average values of the temperature and 
RH at the drop location inside the test chamber during the test. 
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For both the standard and ambient test cases, the average meter 
temperature and the average meter RH are not very useful values, but they do 
provide some indication about how the test system performed from one test to 
another. 


For both the standard and ambient test cases, the average 
microbalance temperature is applicable, but the specific value of the average 
microbalance temperature is not very significant. The average measured flow 
rate is applicable for standard tests, but the specific value of the measured 
flow rate for the standard test case is also not significant. The average 
microbalance temperature and the average flow rate could be used to compare 
the performance of the test system between tests. For ambient tests, the 
average measured flow rate is not meaningful because the system airflow was 
directed away from the drop location during the test. During some ambient 
tests, the flow rate that was measured was zero because the flow system was 
turned off, and in other ambient tests, the flow rate that was measured was 
nonzero because the flow system was turned on to pre-equilibrate for standard 
tests. In either situation, the average measured flow rate does not matter in 
the reduced data for ambient tests because the airflow was not directed at the 
droplets. 


The information given at the top left of each printed page of the 
reduced-data table was prompted for by the spreadsheet data-reduction macro 
and was input by the person performing the data reduction. This information 
includes the following: 


e The Test Number is the test number that was assigned when 
the test was conducted. 


r The Substance is the test substance -- one of the three SDTF 
range-finding solutions. 


‘ The Target Drop Size is the desired drop size (in um) for 
the test. 


e The Target Air Velocity is the preset air velocity (in 
ft/min) for the test. 


@ The Target Temperature is the desired temperature (in °F) 
for the test. 


8 The Target RH is the desired relative humidity (in %) for 
the test. 


e The Initial # of Drops is the number of suspended droplets 
on the DSD filaments immediately after the droplets were 
sprayed onto the filaments and the DSD was hung from the 


microbalance. 
« The Average DSD Fiber Diameter in wm is the average filament 


diameter measured for the DSD that was used for the test. 
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° The Test-Substance Density in g/mL is the density of the 


test-substance. 


With regard to the test parameters that were input into the spreadsheet for 
each test, the target drop size (100, 250, or 400 um) determined both the 
spray time and the air velocity that we used (see Section 9.4). The initial 
number of droplets for each test is the number of droplets counted in the 
initial photograph that was taken of the droplets during the test. Figure 7 
shows an example initial photograph of the droplets suspended on the DSD 
filaments in one of the droplet-evaporation tests. This photograph is 
actually the photograph that goes with the example test results given in 
Appendix C. The test-substance density was calculated from the known mixture 
composition and the density of the test-substance components at room 
temperature. 


The information given at the top right of each printed page of the 
reduced-data table was calculated by the spreadsheet data-reduction macro 
using the raw data and inputted information. This information includes the 
following: 


« The Initial Drop Time, s is the elapsed time located by a 
search of the tabulated data for the time corresponding to 
when the first photograph of the droplets was taken, as 
marked by the photo switch. 


e The Initial Total Mass, wg is the microbalance mass 
corresponding to the initial drop time. 


e The Average Initial Drop Mass, wg is equal to the initial 
total mass divided by the initial number of droplets. 


@ The Average Initial Drop Size, wm is calculated from the 
average initial drop mass, the test-substance density, and 
the average DSD filament diameter. Spherical drops 
suspended on the DSD filaments are assumed in the 
calculation, and corrections are made for the filament 


diameter. 
6 The Ending Evaporation Time, s is the elapsed time located 


by a search of the tabulated data for the time corresponding 
to when the last photograph of the droplets was taken, as 
marked by the photo switch. The last photograph was taken 
at the moment when the droplets were observed to have almost 
completely evaporated in the standard tests (and after the 
airflow was turned off) or at the moment when the droplets 
appeared to evaporate completely in the ambient tests. 


e The Ending Total Mass, wg is the measured mass corresponding 
to the ending evaporation time. 
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Figure /7. 





Example initial photograph of droplets suspended on the DSD 
Crrom trest 8. 10392F)". 
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e The Overall Evaporation Period, s is the calculated 
difference between the initial drop time and the ending 
evaporation time. 


e The Total Mass Loss, wg is the calculated difference between 
the initial total mass and the ending total mass. 


* The Overall Evaporation Rate, ng/s is the evaporation rate 


per droplet and is calculated using the total mass loss, the 
overall evaporation period, and the number of droplets. 


For each test reduced by the data-reduction spreadsheet macro, tne 
macro performed all calculations. The macro generally selected the best 
initial drop time and the best ending evaporation time; and consequently, the 
best initial total mass and the best ending total mass were also selected. 
However, the macro did not always select the best points for the calculations. 
In some cases, the best values were not automatically selected because the 
photo switch may not have been switched at the best or correct moment during a 
test. In a few tests, the photo switch was accidently switched at the wrong 
time or was switched too fast to be picked up by the data-acquisition system. 
The most common problem with the automatic selection of times was that the 
corresponding mass values were obviously noise spikes in the raw data. In 
these latter cases, we merely selected better times near the automatically 
selected times. When we changed the times used in the calculations, we also 
changed the mass values that were used in the calculations to the values 
corresponding to the newly selected times. It is very important to understand 
a few key points. The fact that the macro may not have automatically selected 
the best times and corresponding masses for the calculations does not make the 
mass-versus-time data any less valid regardless of any problem with the photo 
switch. Also, we did not actually change any data values in the spreadsheet; 
we only changed the spreadsheet cell addresses used in the calculations so 
that the best data would be used. The original data values were never changed 
in the reduced spreadsheet. 


The data from a droplet-evaporation test can be examined most 
easily by looking at the two plots for each test. As shown by the example 
plots at the end of Appendixes B and C, the first plot for each test presents 
the mass-versus-time data overlapped by the spray-switch and photo-switch 
voltages to indicate when the droplets were sprayed and when the photographs 
were taken during the test. The second plot for each test shows the meter 
temperature, the meter RH, the drop temperature, the drop RH, the balance 
temperature, and the flow rate. 


The spreadsheet program that was used to generate the plots for 
the droplet-evaporation tests displays the graphed data in different colors so 
that the data in the plots can be easily examined. Unfortunately, the 
spreadsheet program that we used cannot graph data using different line types, 
and thus, the data cannot be easily distinguished in the printed black-and- 
white plots. For description purposes, Figures 8 and 9 show re-plots of the 
plots in Appendixes B and C. Figures 8 and 9 were prepared by importing the 
plots from the reduced data files into another software program from which 
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Figure 8. Example plots from an ambient droplet-evaporation test. 
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Figure 9. Example plots from a standard droplet-evaporation test. 
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more distinct graphs were prepared. This process was too time-consuming to 
prepare such plots for all of the droplet-evaporation tests, but this effort 
was not necessary because all plots were examined on screen in color for any 
significant problems with the test data. Even the black-and-white plots 
printed by the spreadsheet program can be used to look for any significant 
problems with the test data. Moreover, the black-and-white plots still allow 
quick examination of the recorded data for important features in the data. 


To explain the differences between the data generated for a test 
without airflow (ambient test) and a test with airflow (standard test), refer 
to Figure 8 for an ambient test and Figure 9 for a standard test. Both of 
these figures have an A plot and a B plot corresponding to the first and 
second plots produced by the data-reduction procedure. 


Figure 8A shows the measured mass (recorded output of the 
microbalance) during an ambient test as a function of time after the data file 
was created and data acquisition was started. The mass-versus-time data show 
that the microbalance output was switched to SHORT initially. Then the 
microbalance was switched to OUTPUT for a period to record baseline data with 
the dry DSD attached to the hangdown wire of the microbalance. The baseline 
data verified that the balance was properly zeroed with the DSD before the 
test. Immediately before the DSD was removed, the microbalance was again 
shorted. During this period, the droplets were sprayed on the DSD as shown by 
the spray switch. As soon as the droplets were finished being sprayed onto 
the DSD filaments, the DSD was re-hung and the microbalance was switched to 
record the mass. Figure 8A then shows the measured mass of the droplets as 
they evaporated. As soon as possible after the DSD was re-hung and the 
balance was switched to OUTPUT, an initial photograph of the droplets was 
taken to record the initial number of droplets and to correlate with the 
initial mass of the droplets. In the ambient tests, additional photographs 
were taken during the course of evaporation in hopes of following the 
evaporation of the droplets optically. At the moment that the droplets 
visually evaporated completely, another photograph was taken to document the 
ending evaporation time. The times at which the photographs were taken are 
also documented in Figure 8A. 


Figure 8B shows the other test parameters as a function of time 
during the test. (The x-axis time scale is the same in both plots in Figure 8 
to facilitate comparisons between the plots.) Figure 8B shows that the 
temperatures and relative humidities during the test were practically constant 
with no significant drift up or down during the test. It is hard to see in 
the plot, but the measured flow rate throughout the test was zero because the 
test was one without airflow. The measured flow rate during an ambient test 
was not applicable anyhow, because as previously mentioned, the flow system 
was configured to direct flow away from the test chamber during an ambient 
test: 


Figure 9 demonstrates how the data generated in a standard test 
differ from the data generated in an ambient test. The key difference between 
the tests was that in a standard test the droplets were exposed to airflow at 
a high air velocity. The airflow caused a significant measured drag on both 
the DSD and the droplets. (At an air velocity equal to the terminal velocity 
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of the droplets, the drag on the droplets would equal the weight of the 
droplets.) Because of the drag effect and because of the increased noise 
level when the airflow was turned on, the mass of the droplets had to be 
measured immediately before and immediately after exposure to the airflow to 
determine the mass loss during the exposure period. 


Figure 9A shows the measured mass (recorded output of the 
microbalance) during a standard test as a function of time after the data file 
was created and data acquisition was started. The mass-versus-time data shows 
that the microbalance output was switched to SHORT initially. The 
microbalance was then switched to OUTPUT for a period to record baseline data 
with the dry DSD attached to the hangdown wire of the microbalance. The 
baseline data verified that the balance was properly zeroed with the DSD 
before the test. After sufficient baseline data were recorded, the airflow 
was directed through the microbalance hangdown tube onto the DSD. The system 
was then allowed to pre-equilibrate for a period. Figure 9A shows the drag 
weight of the dry DSD. Immediately before the DSD was removed, the 
microbalance was again shorted. During this period, the droplets were sprayed 
on the DSD as shown by the spray switch. As soon as the droplets were 
finished being sprayed onto the DSD filaments, the DSD was re-hung and the 
microbalance was switched to record the initial mass of the droplets without 
airflow. The initial droplets were also photographed at this time as shown by 
the photo-switch voltage. 


After the initial mass was measured and the initial photograph of 
the droplets was taken, the airflow was turned on. The mass-versus-time data 
in Figure 9A show the combined weight of the droplets, the drag on the 
droplets, and most significantly, the drag on the DSD. The evaporation of the 
droplets is exhibited in the figure. When the droplets had almost completely 
evaporated, the airflow was turned off (redirected) and another photograph was 
taken to document the ending evaporation time. The final mass of the droplets 
was also recorded by the data-acquisition computer at this point. 


Figure 9B shows the other measured test parameters during the 
test. The difference in the temperature and RH of the air stream and of the 
ambient air in the test chamber is apparent. By comparing Figure 9B with 
Figure 9A, it can be seen that the air stream temperature and RH were very 
close to the target values. When the air stream was directed away from the 
test chamber, the measured drop temperature rose to the ambient temperature in 
the test chamber. It is important to note that in the reduced data for the 
standard droplet-evaporation tests, the drop RH is not meaningful when the air 
stream was turned off. That is, the drop RH is not a measured value but a 
calculated value based on the temperature and RH of the air stream and on the 
drop temperature. When the air stream is turned off, the calculated drop RH 
changes because the measured drop temperature changes. There was no direct or 
indirect measurement of RH in the test chamber during the standard tests. (In 
the ambient test, the meter temperature and the meter RH are the measured 
values inside the test chamber.) 


Examination of Figures 8 and 9 also shows some other 
characteristic behavior that we observed during the testing. Because the drop 
temperature was measured immediately below the drop location (but still in; the 
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air stream for standard tests), the measured temperature was sometimes 
affected to a small extent by the evaporation of the droplets. Because of the 
cooling effect of the droplet evaporation during a test, the temperature of 
the air below the suspended droplets was cooler as measured by the drop- 
temperature thermocouple. This effect is apparent in Figures 8B and 9B. 
Because the measured drop temperature was slightly lower, the calculated drop 
RH was slightly higher. 


2 Summary of Test Results 


Table D-1 in Appendix D presents the results of all of the 
completed droplet-evaporation tests of the SDTF range-finding solutions. 
(Tests that had to be aborted for one reason or another are not included in 
the table but are documented in the raw data.) Table D-1 gives for each 
droplet-evaporation test the test substance, the test number, the target 
temperature, the target drop size, the target relative humidity, the test air 
velocity, any pertinent comments, the experimentally determined average drop 
size, and the experimentally determined overall evaporation rate (for a single 
droplet). The calculated average drop size and overall evaporation rate for 
each test in Table D-1 were taken from the corresponding table of reduced data 
for the test. 


The summarized results of the droplet-evaporation tests are also 
presented in the plots in Appendixes E and F for ease of discussion. The 
figures in Appendix E show overall evaporation rate plotted versus air 
velocity at different relative humidities for each combination of test 
substance, target temperature, and target drop size (and are presented in that 
order). The figures in Appendix F show overall evaporation rate plotted 
versus experimental drop size for each combination of test substance, target 
temperature, and target RH. The test results in Table D-1 and the plots in 
Appendixes E and F are discussed in Section 10. 


9.4 Comments on Test Data 


As discussed in Section 6, we were not able to determine _ 
evaporation rate as a function of time for the SDTF range-finding solutions 
that we tested because the test substances evaporated too quickly under 
airflow. We did, however, measure the overall evaporation rate for the three 
test substances under almost all of the test conditions specified for Task 
TA-31. (See below for the conditions that we were unable to use.) In 
addition to varying the drop size, temperature, and relative humidity, we also 
varied the air velocity for each target drop size when conducting the WHO- 
water tests. Based on theoretical considerations (see Section 6) and the 
results of the WHO-water tests (see Section 10 for a discussion), we used only 
one air velocity per drop size for the tests of the Sulfur 6L mixture and the 
Thuricide mixture. 


The air velocities that we used in the droplet-evaporation tests 
for the three target drop sizes were based on the terminal velocities for 
water drops (density = 1 g/mL). The air velocities and the corresponding 
percentages of the terminal velocities for the target drop sizes were as 
follows: 
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Drop Size, Velocity, Velocity, Terminal 
pm ft/min ft/min Velocity 
100 Gye) 30 57% 

40 75% 
50 94% 
250 186 125 67% 
150 81% 
175 94% 
400 318 200 63% 
250 79% 
300 94% 








The number and initial size of the droplets generated in each test 
depended on the test substance, the atomizer, the nitrogen pressure and flow 
rate delivered to the atomizer, the average DSD filament diameter, and most 
importantly, the spray time. The atomizer itself was not really a variable 
because the same make of atomizer was used for all of the tests, but the spray 
from the atomizer exhibited some variability. Overall, the generation of 
droplets was similar for all three test substances. Around 100 suspended 
droplets were typically produced in each test. 


We used three different DSDs with average filament diameters 
between 80 and 100 pm for the 250- and 400-ym target drop sizes. (Each of 
these three DSDs was used for both of the two larger drop sizes.) We used one 
DSD for the 100-ym target drop size, and this DSD had an average filament 
diameter of about 50 pm. It should be noted that the diameters of the 
filaments on each of the four DSDs varied significantly (on a given DSD). For 
a given DSD, the relative standard deviation of the thirteen filament 
diameters was as much as 30%. 


For WHO water, the respective spray times that we used to try to 
generate the target drop sizes of 100, 250, and 400 um were 3, 4, and 6 s. 
The various spray parameters for the Sulfur 6L mixture and the Thuricide 
mixture had to be varied somewhat to generate droplets similar in size to 
those for WHO water. We tried to keep the spray times as constant as possible 
for each target drop size during the droplet-evaporation testing, but the 
spray times generally had to be increased by a second or two (relative to 
those for WHO water) to spray the "thicker" Sulfur 6L mixture and the 
Thuricide mixture. 


Here are some additional facts and comments regarding the droplet- 
evaporation test data: 
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e We did not conduct tests with the smallest droplet size 
(target drop size = 100 wm) at the highest temperature 
(target temperature = 40 °C or 104 °F) because the droplets 
evaporated too quickly at 40 °C to be reliably measured with 
the test method. 


e We did not conduct tests at the lowest temperature (target 
temperature = 15 °C or 59 °F) and the highest relative 
humidity (target RH = 90%) because the highest relative 
humidity that could be achieved at 15 °C with the test 
system was approximately 60%. 


‘ The tests with WHO water were performed in triplicate; the 
tests with 25% Sulfur 6L/WHO water and with 50% Thuricide 
48LV/water were performed in duplicate. 


e As previously mentioned, the tests with WHO water were 
conducted using three different fixed air velocities per 
target drop size, but the tests with the Sulfur 6L mixture 
and the Thuricide mixture were conducted with one fixed air 
velocity per target drop size. The air velocities used for 
the Sulfur 6L mixture and the Thuricide mixture were the 
intermediate air velocities used for WHO water. 


e The temperature of the exposure airflow in the standard 
tests was typically controlled within +2 °F of the target 
temperature. 

° The relative humidity of the exposure airflow in the 


standard tests was typically controlled within +5% of the 
target RH for the tests conducted at 30% or 60% RH. For the 
standard tests conducted at 90% RH, we typically maintained 
the relative humidity between 80% and 90%. 


10. DISCUSSION 


As described in the previous section of this data report, the 
summarized results of the droplet-evaporation tests with WHO water, 25% 
Sulfur 6L/WHO water (by volume), and 50% Thuricide/water (by volume) are 
presented in Table D-1 (Appendix D). For comparison and discussion purposes, 
the test results are also plotted in Figures E-1 through E-24 (Appendix E) and 
in Figures F-1 through F-24 (Appendix F). Under Task TA-31, Southern Research 
Institute was not required to provide a detailed analysis of the test results; 
however, we offer a limited discussion of the results from our perspective 
because we conducted the tests and reduced the data into a useable form. 


Both the Sulfur 6L mixture and the Thuricide mixture were tested 
as more dilute mixtures with water than originally planned, but the test 
substances had to be diluted to be sprayed or to produce acceptable suspended 
droplets. Regardless of the additional dilution that was required, both stest 
substances can serve as range-finding solutions to characterize droplet 
evaporation of "pesticide-like" substances. 


303) 


ran 


i i 
si 
+ gdubael Jon bib aW ad an 


asic Joleute Sesflane 965 04+% adres: 
{ails tn Cm OGS = o8te qO3h Jegvas) 






































sm/Ia2oqneds Ihedpl 
fqors «91 seunsud (T° «71 to Sos = pruieise dea tes) > 
dab Kexsusesem vided ley ed o1 0° 0 Visa iupeog pivexognys ) _ ig 
bodjeq 92939 402 a es 
_ q 
; 
a : 7 ? , a 
Jegiad) stat 33 » tears Jn sazet>tovbrep 200,27 ow s ; 
avi 5" i &y io 6 [ » sine raqEs 
@ ry int *2.5,15 | | ss all ‘ HH he 5 ) Y2 imal i 
i fe { i 3 i f 4 i » JARI yslola { 
yields otqqe eew Meseys oe 
ostt , a2 ig J ee i 4 W : 32933 oft . 
bin Part xt i bi 975 mative ajyrw 24 J 
oe Be ; t | I =O OW Vai Gt 
ahaye 
=yom To7av iW j roan porvseig LA ° 
veg Mebiboolay ‘chs | satdy antao bezaubROD % 
Slee: . i? 4 e729 Yow ee) oth Jagstas 
ci SexI3 wT AJ { 4 7 ‘ ties ae e} P 3/53 DOTA - 
: = 
4yoi beast eaetciroloey tis : sts 907) 29874 ioq “7igoLev 
Fa ais Svaw Sosteim shiol) fj i" y yualue ss 
; .~a ot { Hi ? ; y t *Té ) Tatja! [= 
% 
. ihenbragve ods mi woll) i) 29 3 pres 3h * 
SSRTaG a3 io .” = 4 i a" hh Bi. | ? rf i 2 ie of | 
73 2ecms i 
a 
. P ; = 
44. at woftcls. surengxe so) 39 bind ovizalex sit . ; 
eid ta A ee nictda bel (O27ITOS iL sboys “27 Seg basehuinds oe 
id cot’ OM WOR WO XO Ja Pedagones FRY sds tol Ha geass - * 7 
Boal smovilesrq J 5 +5 teGuvbnos estes? bishyase _ 
o pia FS teowted Ytiblaudd syiieies eit7 : : 
. ; > 
Wol 48US 210 a 
- 
ofa. s¢aqes s2eb-eidy To aoLj9en euotverq an? al rei aie BA 
RSE geten OMW rvcw atest vorpaTOgeyS~ safoosh st Joe sfveot: baz 


at® Comuicy Yd) yolpe\ah t4+raudl £00 bow (natu hov vt) aed 
asocg@e@ aolsevoeth bones oxiraqnos rou -. xbbr94qA) 1-0 te 
ive (3 eBbbggA) 62-2 F jomiz 4 <a ety a? bsasold AB! 
| Aneteeeed cesedsuoe Le-1 veat' vsbey? 1. xpotreyga)  O&-"h v 
edt idl sa03 ofa To ete yh pe eevee & aiiiverg io? hewFop 
~ = ga soemetsq <6 vor magsusst aft Te mole eu3 ‘pet? : 
yd sldnsaw & 290 63" ak sit? aes >a Ghieersnes ye 43 
ae 
‘ae bases? aiew aiareim al stuedT ‘ils Brae Ww chat J: 
dee it tad Deerely eka ce 
baluys gusts’ 6 tdade 3008 rie jah a? <2 nae uf « 
feet dead nas )<'P9s, ek yak bs tur fe s 


salgesd mien ci ae 


rar) Bere vey 


| - 7 i: 7 Ps e 


ie ‘ 












The comments given in Table D-1 indicate that some tests had 
initial total drop masses that were lower or higher than in analogous tests, 
but the results should still be valid for the drop sizes that were actually 
produced in these tests. The tests that are noted in Table D-1 to be 
questionable or possibly questionable (as denoted by "?") were tests in which 
there was some minor problem during the test. In all of these cases, however, 
the reduced data do not exhibit any significant problem. In other words, we 
believe that all of the data given in Table D-1 are reliable until any further 
analysis (separate from Task TA-31) identifies obvious outliers in the data. 


Table D-1 includes the results of the ambient tests that were 
conducted under ambient test-chamber conditions corresponding to the 
conditions in the test chamber when droplets were sprayed in the standard 
tests. The values given in parentheses are the average temperatures or 
relative humidities measured during the ambient tests. The results of these 
tests can be used to assess the extent of droplet evaporation during the short 
period between the time that droplets were produced and the time that droplets 
were exposed to airflow in the standard tests. The results for the ambient 
tests precede the standard tests to which they apply. 


Although we did not analyze the data from the ambient tests to 
estimate the extent of drop evaporation in the standard tests before exposure 
to airflow, we feel that the effect was generally not significant with regard 
to the overall evaporation rates that we determined in the standard tests 
because the rate of evaporation was significantly higher in the tests with 
airflow and because the initial evaporation of the droplets appeared to be 
roughly linear (mass versus time). That is, we don’t believe that the mass 
loss before the initial mass measurement was significant when compared to the 
mass loss during exposure to airflow. This belief may not necessarily be true 
for the tests conducted at 40 °C, however, because the ambient temperature in 
the test chamber was elevated. Using the same spray times as in the tests at 
25 °C and 15 °C, the test results show that the measured initial drop sizes 
were smaller in the tests at 40 °C. The smaller initial drop sizes may 
indicate that significant evaporation occurred before the mass of the droplets 
was first measured. 


Figures E-1 through E-8 show how the measured overall evaporation 
rates for WHO water varied with test air velocity and RH for a given target 
drop size and target temperature. As demonstrated in the figures, the 
evaporation rate was higher (as expected) for larger initial drop sizes and 
for higher temperatures. Also as expected, the evaporation rate was reduced 
at higher relative humidities. The effect of air velocity, however, is not 
readily apparent in Figures E-1 through E-8. Figures E-9 through E-24 show 
the results plotted in a similar fashion for the Sulfur 6L mixture and the 
Thuricide mixture, but the plots are not as useful because only one fixed air 
velocity was used per drop size for these latter two test substances. These 
figures do exhibit the effects of drop size, temperature, and RH on the 
evaporation rates for the Sulfur 6L mixture and the Thuricide mixture. The 
effects are analogous to those for WHO water. 


As mentioned in the preceding paragraph, examination and 
comparison of the plots in Figures E-1 through E-24 show the significant 
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dependence of the overall evaporation rate on the initial drop size. (Note 
the change in the y-axis scale for plots corresponding to the three different 
target drop sizes.) These figures, however, do exhibit significant scatter in 
the test results. This scatter is mostly attributable to the actual drop 
sizes (as opposed to the target drop sizes) that were produced in the tests. 
This fact is discussed in more detail below. : 
Because of the significant scatter observed in the plots in 
Appendix E, the test data were re-plotted as shown in Figures F-1 through F-24 
in Appendix F. These figures show the data plotted as overall evaporation 
rate versus the experimentally determined drop size for a given target 
temperature and target relative humidity. These figures also show how the 
measured drop sizes corresponded to the target drop sizes. The figures in 
Appendix F are much more informative than those in Appendix E and demonstrate 
that the initial drop size (the measured drop size) was a very important 
experimental variable. Although we typically used the same spray time for 
each test with a particular test-substance and target drop size, the average 
measured drop size varied significantly from test to test. That is, drop size 
was supposed to be a parameter that we controlled by controlling the spray 
time, but the drop size was actually another experimental variable. The plots 
in Figures F-1 through F-24 show a strong dependence of the measured 
evaporation rates on the initial drop size, which is not a surprising fact. 


It is also important to note that the figures in Appendix F show 
that the experimental drop sizes varied considerably from the target drop 
sizes of 100 wm and 400 pm. Prior to the tests, we selected initial spray 
times based on limited preliminary studies with Milli-Q water. Because of the 
need to complete the tests quickly, we proceeded with the testing using one 
atomizer and fixed the spray times that were used in most of the tests so that 
the results of the tests could be compared with regard to spray time. The 
initial drop sizes also varied some with test substance. In general, the drop 
sizes produced ranged from about 200 pm to somewhat less than 400 ym. With 
the atomizer that we used, we were also limited in the range of spray times 
that we could use. A spray time of less than three seconds (the shortest 
spray time that we used) was almost impractical, and spray times that were too 
long produced very irregular-sized droplets that tended to fall off of the DSD 
filaments. To generate and support smaller or larger droplets, additional 
droplet-suspension devices with smaller or larger filaments would need to be 
prepared, and another atomizer may also be needed. 


Comparison of the plots in Appendix F shows a real effect of 
temperature and relative humidity on the measured evaporation rates. The 
differences in evaporation between the three test substances are also 
apparent. WHO water generally evaporated the fastest of the three test 
substances followed by the Sulfur 6L mixture and then by the Thuricide 
mixture. 


The most important value determined from each droplet-evaporation 
test was the overall evaporation rate that would be expected for a freely 
falling droplet with the corresponding initial drop size, which is best 
represented by the experimentally determined average drop size (see below for 
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further discussion). Given the initial drop size for a particular test 
substance and the corresponding overall evaporation rate for particular 
environmental conditions (i.e., temperature and relative humidity), the 
lifetime of the droplet under free-fall conditions can be calculated. 
Assuming that the evaporation rate curve for the test substance is roughly 
linear and can be determined by the overall evaporation rate, the mass (and 
size) of the droplet as a function of time can be estimated. Based on such 
estimations, the changing rate of fall of a droplet can be predicted or the 
drift of the droplet under given meteorological conditions can be predicted. 
The reliability of such predictions would have to be verified in other 
studies. 


The initial drop is best represented by the experimentally 
determined average drop size and not by the target drop size because of the 
variability observed in the measured drop sizes and the significant 
differences between the measured drop sizes and the target drop sizes. As 
previously discussed in this report, the actual drop sizes produced in the 
tests depended on several variables, the most important of which for a given 
test were the average DSD filament diameter and the spray time. The spray 
times were selected a priori based on some limited preliminary spray studies 
and on other practical limitations. Although the actual drop sizes produced 
were not as close to the target drop sizes as desired, the resulting 
experimental data are still useful. 


A key assumption of the droplet-evaporation test method that we 
developed was that the fixed air velocity used in each test would produce an 
evaporation rate similar to that produced by the changing velocity of a freely 
falling droplet. Based on some theoretical predictions given in the Eighth 
Monthly Progress Report for Task TA-31, the evaporation curve for a freely 
falling droplet could be closely approximated by a curve generated under any 
fixed air velocity near the initial terminal velocity of the droplet. The 
results of the WHO-water tests that we performed also supported the prediction 
that different air velocities near the terminal velocity would produce similar 
evaporation results. That is, all of the test data for WHO water are plotted 
in Figures F-1 through F-8 without regard to the air velocity that was used in 
the tests and do not exhibit any scatter that could be attributed to the 
different air velocities. For these reasons, we used only one fixed air 
velocity per target drop size in the tests with the Sulfur 6L mixture and the 
Thuricide mixture. 


Because the fixed air velocity used in each test was selected to 
be near the terminal velocity of a droplet having the target drop size, the 
fact that the average measured drop size in most of the tests was not near the 
target drop size means that the fixed air velocity that was used was not 
necessarily near the terminal velocity of the initial droplets. That is, the 
air velocities used in the many of the tests with a 100-ym target drop size 
were lower than the terminal velocity for the average measured drop sizes, 
while the air velocities used in the many of the tests with a 400-ym target 
drop size were higher than the terminal velocity for the average measured drop 
sizes. The consequence of this fact is that the overall evaporation rates 
measured in the tests with a 100-yum target drop size may be slightly low, and 
the overall evaporation rates measured in the tests with a 400-um target drop 
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size may be slightly high. However, the apparent weak dependence of the test 
results on air velocity indicates that as long as there was sufficient airflow 
around the droplets, the overall droplet-evaporation rate was not strongly 
dependent on the magnitude of the airflow. 


To summarize the applicability of the test data generated under 
Task TA-31 (or any data that may be generated in the future with the test 
method that we developed), the data will have to be carefully analyzed and 
used in trial calculations to determine their real value in making predictions 
about actual behavior in aerial spray applications. It is possible that the 
real value of the data will be for comparing the laboratory evaporation of 
different test substances so that reliable evaporation models based on test- 
substance composition can be developed. The latter idea is essentially the 
approach of the SDTF in selecting range-finding solutions. With this 
approach, field studies may only have to be limited to important range-finding 
solutions to establish the behavior of the range-finding solutions and other 
substances with similar physical properties. 


1g RECOMMENDATIONS 


Considering that we developed a novel method for measuring 
droplet-evaporation rates of small droplets under different conditions, we 
feel that the generated data are very good. Based on the test results and on 
our experiences while conducting the tests, we can make several 
recommendations to improve the test method to generate even better data. 


e Improved droplet formation. The generation and suspension 
of the droplets for the tests needs improvement. DSDs with 
filaments of more consistent size would produce better data. 
Other filament materials should also be investigated. 


e Test automation. Each droplet-evaporation test is simple in 
experimental concept but is complex to perform. Therefore, 
automation of the test (e.g., robotics) is desirable. The 
spraying of the droplets is a particularly difficult manual 
procedure. Adequate automation may also provide better 
control, better reproducibility, and may allow the testing 
of substances that evaporate more quickly than water. 


e Faster data collection. Because the test substances 
evaporated so quickly under airflow, a faster data- 
acquisition system (computer and A/D board) would provide 
more data that would be sufficient for signal averaging 
(data smoothing). 


8 Automated data reduction and analysis. The detailed 
reduction and analysis of the raw test data was very time 
consuming even with the aid of a computer and a complex 
spreadsheet macro. More automated data reduction (and data 
smoothing as mentioned above) in real time during a test 
would be very beneficial. 
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e Improved photographic system. The use of a more 
sophisticated photographic system, preferably a video-camera 
system, should be considered to measure continuous droplet- 
evaporation curves (drop size versus time) for test 
substances under controlled environmental conditions. 
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EXAMPLE OF A RAW COMPUTER DATA FILE FROM A DROPLET-EVAPORATION TEST 
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0.01357 
.013554 
-013546 
.013545 
-013565 
.013532 
.013543 
.013602 
-013664 
-013561 
0.013586 
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11 
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3 
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17 
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27 
27 
27 


uf 


75 45.9717 75.9337 51.9071 
32 -5.89227 75.9457 51.9937 
95 -6.0786 75.9268 51.9698 
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76.57 0.013627 1.58109 -1.58198 
76.66 0.013632 1.58131 -1.58185 
76.57 0.01363 1.58103 -1.58214 
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EXAMPLE OF REDUCED DATA FROM A DROPLET-EVAPORATION TEST WITHOUT AIRFLOW 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392H Initial Drop Time, s: 921 
Substance: WHO Water Initial Total Mass, yg: 1093.1 
Target Drop Size: 400 um Average Initial Drop Mass, sg: 10.93 
Target Air Velocity: 0 ft/min Average Initial Drop Size, um: 293 
Target Temperature: Ambient °F Ending Evaporation Time, s: 1396 
Target RH: Ambient % Ending Total Mass, ug: -7.4 
Initial # of Drops: 100 Overall Evaporation Period, s: 475 
Average DSD Fiber Total Mass Loss, pg: 1100.5 
Diameter in pm: 97.3 Overall Evap. Rate, ng/s: 23.2 
Test-Substance 
Density in g/mL: 1.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, #9 Temperature, °F Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min v V 
0 -6.9 75.7 52.0 Ueloe) 52.0 76.4 0.0 1.6 -1.6 
4 -7.1 75.8 52.4 75.6 52.4 76.4 0.0 1.6 -1.6 
7 “7.1 75.8 Sent 75.4 54.4 76.4 0.0 1.6 “1.6 
11 -6.4 75.8 52.9 75.4 54.6 76.4 0.0 1.6 -1.6 
15 -7.6 75.8 52.4 75.6 52.4 76.4 0.0 1.6 -1.6 
24 -6.2 75.8 52.35 75.6 52.3 76.4 0.0 1.6 “1.6 
28 -6.6 75.8 51.9 Telco, 51.9 76.4 0.0 1.6 -1.6 
31 “6.4 75.8 52.4 75.6 52.4 76.4 0.0 1.6 -1.6 
35 -6.7 75.8 52.3 75.7 52.3 76.4 0.0 1.6 “1.6 
38 -7.0 75.8 52.0 75.8 52.0 76.4 0.0 1.6 -1.6 
42 -6.4 75.8 52.0 75.8 52.0 76.4 0.0 1.6 -1.6 
45 -5.7 75.8 52.1 75.7 S2al 76.4 0.0 1.6 -1.6 
49 -6.3 75.8 52.2 75.9 52.2 76.4 0.0 1.6 “1.6 
52 -6.6 fos8 Bene 75.9 ar 76.4 0.0 1.6 “1.6 
56 -6.4 75.8 51.9 Tplaté 51.9 76.5 0.0 1.6 -1.6 
59 -6.5 75.8 51.8 75.3 53.6 76.4 0.0 1.6 -1.6 
63 -7.1 75.8 S19. 75.3 53.6 76.4 0.0 126 -1.6 
66 “Ter4 75.8 51.9 (ee 53.6 76.4 0.0 1.6 -1.6 
70 -7.1 75.8 52.0 75.2 hints 76.4 0.0 1.6 -1.6 
3 -6.6 75.8 52.0 Se PRs 76.4 0.0 1.6 -1.6 
7 -6.5 75.8 52.0 (eer Hots 76.4 0.0 1.6 “1.6 
80 -6.4 Tea) 51.9 75.0 53.6 76.5 0.0 1.6 -1.6 
84 -7.2 75.8 51.9 75.0 53.6 76.4 0.0 1.6 -1.6 
87 =7%5 75.8 51.9 Tet 53.6 76.4 0.0 1.6 -1.6 
91 2547 75.8 51.9 74.9 53.6 76.4 0.0 1.6 “1.6 
94 -8.4 75.8 51.9 rere 53.6 76.4 0.0 1.6 -1.6 
98 -7.9 75.8 51.8 ome 53) 76.4 0.0 1.6 -1.6 
101 -6.7 75.8 52.0 oe 53°7 76.4 0.0 1.6 -1.6 
105 “5.9 75.8 52.0 75.3 53.7 76.4 0.0 eG -1.6 
108 -5.8 75.8 51.9 (eior2 53.6 76.4 0.0 1.6 “1.6 
112 -7.6 75.8 51.9 75.2 53.6 76.4 0.0 1.6 -1.6 
qs -6.6 75.8 51.9 75.3 53.6 76.5 0.0 1.6 -1.6 
119 -6.2 75.8 Set 75.4 53.6 76.4 0.0 1.6 -1.6 
122 +5.2 75.8 52.0 75.9 52.0 76.4 0.0 1.6 -1.6 
126 5.9 75.8 51.9 Tce 53.6 76.4 0.0 1.6 -1.6 
129 -7.2 75.8 51.8 Teo 53.0 76.4 0.0 els “1.6 
133 -6.5 75.8 52.0 75.2 53.7 76.4 0.0 1.6 -1.6 
136 -6.6 75.8 51.9 Tiers 53.6 76.4 0.0 1.6 -1.6 
140 74 75.8 52.0 75.3 53.7 76.3 0.0 1.6 -1.6 
143 -7.3 75.8 52.0 iSne SBISE 76.4 0.0 1.6 -1.6 
147 -7.1 75.8 52.0 Tepes Bele 76.4 0.0 1.6 -1.6 
150 -6.6 75.8 52.0 75.3 53.7 76.4 0.0 1.6 -1.6 
154 -7.4 75.8 51.9 75.3 53.6 76.4 0.0 1.6 -1.6 
157 -6.0 75.8 52.0 75.4 5357 76.4 0.0 1.6 -1.6 
161 -6.5 75.8 51.9 75.6 51.9 76.4 0.0 1.6 -1.6 
164 -7.4 75.0 51.9 75.6 51.9 76.4 0.0 1.6 -1.6 
168 -7.3 75.8 52.0 75.6 52.0 76.4 0.0 1.6 “1.6 
171 -6.1 75.8 51.9 75.6 51.9 76.4 0.0 1.6 -1.6 
175 -6.8 75.8 51.9 fone 53.6 PoE) 0.0 1.6 “1.6 
178 -6.9 75.8 51.9 teh) 53.6 76.4 0.0 1.6 -1.6 
182 -6.8 75.8 51.8 75.3 53.6 76.4 0.0 1.6 -1.6 
185 -7.0 75.8 51.9 come 53.6 76.4 0.0 1.6 -1.6 
189 Shine Ter-) 52.0 75.2 53.7 76.5 0.0 1.6 -1.6 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392H Initial Drop Time, s: 921 
Substance: WHO Water Initial Total Mass, pg: 1093.1 
Target Drop Size: 400 um Average Initial Drop Mass, yg: 10.93 
Target Air Velocity: 0 ft/min Average Initial Drop Size, mum: 293 
Target Temperature: Ambient °F Ending Evaporation Time, s: 1396 
Target RH: Ambient % Ending Total Mass, ug: -7.4 
Initial # of Drops: 100 Overall Evaporation Period, s: 475 
Average OSD Fiber Total Mass Loss, sg: 1100.5 
Diameter in pm: 97.3 Overall Evap. Rate, ng/s: 23.2 
Test-Substance 
Density in g/mL: 1.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, ug Temperature, °F Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min v Vv 
192 -7.9 75.8 51.9 75.1 53.6 76.4 0.0 1.6 -1.6 
196 -6.2 75.8 52.0 74.9 SRiolf 76.4 0.0 1.6 -1.6 
199 -5.6 75.8 51.9 75.3 SENIA 76.5 0.0 1.6 -1.6 
203 -6.7 75.8 51.9 75.4 53.7 76.4 0.0 1.6 -1.6 
206 -6.9 75.8 51.9 75.5 53.6 76.4 0.0 1.6 -1.6 
210 STKE 75.8 51.9 75.5 51.9 76.4 0.0 1.6 -1.6 
213 -7.6 75.8 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
217 “7.2 75.8 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
220 -6.8 75.8 51.8 75.7 51.8 76.4 0.0 1.6 -1.6 
224 Y hce} 75.8 51.9 75.6 51.9 76.4 0.0 1.6 -1.6 
228 -6.9 75.8 52.0 TIA 52.0 76.4 0.0 1.6 -1.6 
232 -6.3 75.8 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
235 -6.5 75.8 52.0 75.5 53.7 76.4 0.0 1.6 -1.6 
239 -8.0 75.8 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
242 -6.9 75.8 51.9 75.5 51.9 76.4 0.0 1.6 -1.6 
246 -6.6 75.8 52.0 75.8 52.0 76.4 0.0 1.6 -1.6 
249 -7.0 75.8 51.9 TIS 51.9 76.4 0.0 1.6 -1.6 
253 -8.5 75.8 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
256 oY de 75.8 51.9 75.6 5129 76.4 0.0 1.6 -1.6 
260 -6.1 75.8 52.0 75.8 52.0 76.4 0.0 1.6 -1.6 
263 -6.5 75.8 52.0 75.9 52.0 76.4 0.0 1.6 -1.6 
267 -6.9 75.8 51.8 75.8 51.8 76.4 0.0 1.6 -1.6 
270 -7.2 75.8 51.9 75.6 51.9 76.4 0.0 1.6 “1.6 
274 “7.9 75.8 51.9 (ee) 51.9 76.4 0.0 1.6 -1.6 
277 ise 75.8 51.9 75.6 51.9 76.4 0.0 1.6 -1.6 
281 -7.3 Theil! 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
284 -6.9 75.8 51.9 Teer) 53.6 76.4 0.0 1.6 -1.6 
288 -6.7 75.8 51.9 oar 51.9 76.4 0.0 1.6 -1.6 
291 Shoe) 75.8 51.9 75.7 51.9 76.4 0.0 1.6 -1.6 
295 -7.9 75.8 52.0 (eal 52.0 76.4 0.0 1.6 -1.6 
298 -8.2 75.8 51.9 75.4 53.6 76.3 0.0 1.6 -1.6 
302 =755 75.8 52.0 75.4 53.7 76.4 0.0 1.6 -1.6 
305 -7.0 75.8 52.0 75.6 52.0 76.4 0.0 1.6 71.6 
309 -7.0 eds] 52.0 75.7 52.0 76.4 0.0 1.6 -1.6 
312 -7.9 fey} 51.9 75.3 53.6 76.4 0.0 1.6 -1.6 
316 -7.1 75.8 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
319 -6.8 75.8 52.0 75.4 53.7 76.4 0.0 1.6 -1.6 
323 -6.8 75.8 51.9 Tet 53.6 76.4 0.0 1.6 -1.6 
326 -7.5 75.8 S159 75.1 53.6 76.4 0.0 1.6 -1.6 
330 =fe0 75.8 52.0 ce phic if 76.4 0.0 1.6 “1.6 
333 -7.1 75.8 51.9 75.4 53.7 76.4 0.0 1.6 -1.6 
337 -6.2 75.8 52.0 75.5 52.0 76.4 0.0 1.6 -1.6 
340 “7.1 75.8 51.9 75.6 51.9 76.4 0.0 1.6 -1.6 
344 -7.3 75.8 Steed 75.7 51.9 76.4 0.0 1.6 -1.6 
347 -6.8 75.8 51.9 75.5 53.6 76.4 0.0 iets -1.6 
351 -6.4 75.8 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
354 -7.7 75.8 51.9 75.8 51.9 76.3 0.0 1.6 -1.6 
358 -7.4 75.8 52.0 LEIA 52.0 76.4 0.0 1.6 -1.6 
361 -7.6 75.8 51.8 TSA 51.8 76.4 0.0 io -1.6 
365 -7.8 75.8 51.9 75.8 51.9 76.4 0.0 1.6 -1.6 
368 -6.9 75.8 51.9 75.9 Sind) 76.4 0.0 136 -1.6 
372 -7.9 75.8 51.9 75.9 51.9 76.4 0.0 1.6 -1.6 
375 -7.8 75.8 51.9 76.2 51.9 76.4 0.0 1.6 -1.6 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392H Initial Drop Time, s: 921 
Substance: WHO Water Initial Total Mass, #9: 1093.1 
Target Drop Size: 400 pm Average Initial Drop Mass, #9: 10.93 
Target Air Velocity: 0 ft/min Average Initial Drop Size, pm: 293 
Target Temperature: Ambient °F Ending Evaporation Time, s: 1396 
Target RH: Ambient % Ending Total Mass, #9: -7.4 
Initial # of Drops: 100 Overall Evaporation Period, s: 475 
Average DSD Fiber Total Mass Loss, #9: 1100.5 
Diameter in pm: 97.3 Overall Evap. Rate, ng/s: 23.2 
Test-Substance 
Density in g/mL: 1.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, #9 Temperature, °F Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min Vv V 
379 -7.6 75.8 51.9 76.3 51.9 76.4 0.0 1.6 -1.6 
382 -6.7 75.8 51.8 st 51.8 76.4 0.0 1.6 -1.6 
386 65.1 75.8 52.0 ial 52.0 76.4 0.0 1.6 -1.6 
389 -14.2 75.8 52.0 75.5 52.0 76.5 0.0 1.6 -1.6 
393 -77.1 75.8 51.9 75.7 51.9 76.4 0.0 1.6 -1.6 
396 32.5 75.8 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
400 -46.6 75.8 51.9 75.4 53.6 76.4 0.0 1.6 -1.6 
403 -8.1 75.8 51.9 Ueyar! 51.9 76.4 0.0 1.6 -1.6 
407 -54.3 75.8 51.8 75.9 51.8 76.4 0.0 i-6 -1.6 
410 -1.0 75.8 51.9 76.0 51.9 76.4 0.0 1.6 -1.6 
414 28.6 75.8 52.0 75.8 52.0 76.4 0.0 1.6 -1.6 
418 -14.0 75.8 51.9 75.7 51.9 76.4 0.0 1.6 -1.6 
421 -7.5 75.8 51.9 75.6 51.9 76.5 0.0 1.6 -1.6 
424 11.6 75.8 51.9 75.6 51.9 76.5 0.0 1.6 -1.6 
428 -65.8 75.8 51.9 75.7 51.9 76.5 0.0 1.6 -1.6 
431 -80.8 75.8 51.9 75.8 51.9 76.5 0.0 1.6 -1.6 
435 -94.0 75.8 51.9 75.9 51.9 76.4 0.0 1.6 -1.6 
438 -98.4 75.8 52.0 76.0 52.0 76.4 0.0 1.6 -1.6 
442 18.9 75.8 51.8 75.8 51.8 76.4 0.0 1.6 -1.6 
446 17.9 75.8 51.9 75.4 53.6 76.5 0.0 1.6 -1.6 
449 -29.9 75.8 52.0 75.4 53.7 76.4 0.0 1.6 -1.6 
452 33.1 75.8 51.9 75.5 lay 76.5 0.0 1.6 -1.6 
457 10.1 75.8 52.0 75.3 Rolf 76.4 0.0 1.6 -1.6 
461 45.4 75.8 51.9 75.2 53.6 76.4 0.0 1.6 -1.6 
464 28.3 75.8 51.9 75.0 53.6 76.4 0.0 1.6 -1.6 
468 -50.7 75.8 52.0 Teo pent 76.5 0.0 1.6 -1.6 
47) -2.7 75.8 51.9 75.1 53.6 76.4 0.0 1.6 -1.6 
475 -31.5 75.8 51.9 75.5 53.7 76.5 0.0 1.6 -1.6 
478 -17.0 75.8 51.9 75.7 51.9 76.5 0.0 1.6 -1.6 
482 nee 75.8 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
485 40.4 75.8 51.9 75.4 53.6 76.4 0.0 1.6 -1.6 
489 11.8 75.8 51.9 75.4 53.6 76.4 0.0 1.6 -1.6 
492 23.4 75.9 51.9 75.6 51.9 76.4 0.0 1.6 -1.6 
496 -36.5 75.8 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
499 -25.4 75.8 51.8 75.6 51.8 76.4 0.0 1.6 -1.6 
503 -17.8 75.8 51.8 75.6 51.8 76.4 0.0 1.6 -1.6 
506 -9.2 75.8 51.9 ee) 53.6 76.5 0.0 1.6 -1.6 
510 -39.5 75.8 51.8 Teyee) 53.6 76.5 0.0 1.6 -1.6 
513 -36.5 75.8 51.9 15.35 53.6 76.4 0.0 1.6 -1.6 
517 67.9 75.8 51.9 Vpyath 51.9 76.4 0.0 1.6 -1.6 
520 -4.6 75 .8 51.9 75.5 53.6 76.5 0.0 1.6 -1.6 
524 17.6 75.8 51.8 Upne 5359 76.5 0.0 1.6 -1.6 
527 -86.0 75.8 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
531 -70.2 75.8 52.0 75.8 52.0 76.4 0.0 1.6 -1.6 
534 -5.5 75.9 52.0 75.9 52.0 76.4 0.0 1.6 -1.6 
538 -62.6 75.9 51.9 75.7 51.9 76.4 0.0 1.6 -1.6 
541 -25.1 75.8 51.9 75.9 51.9 76.5 0.0 1.6 -1.6 
545 -10.4 75.8 S129 Teak, Sino 76.4 0.0 1.6 -1.6 
548 7.4 75.9 S159 tone 51.9 76.4 0.0 1.6 -1.6 
552 10.8 75.8 52.0 75.6 52.0 76.5 0.0 1.6 -1.6 
555 -22.5 75.9 51.9 75.5 53.6 76.4 0.0 1.6 -1.6 
559 -86.6 75.9 51.9 Teer 51.9 76.5 0.0 1.6 -1.6 
562 -76.4 75.8 51.8 75.7 51.8 76.5 0.0 1.6 -1.6 


Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392H Initial Drop Time, s: 921 
Substance: WHO Water Initial Total Mass, #g: 1093.1 
Target Drop Size: 400 um Average Initial Drop Mass, ug: 10.93 
Target Air Velocity: 0 ft/min Average Initial Drop Size, mm: 293 
Target Temperature: Ambient °F Ending Evaporation Time, s: 1396 
Target RH: Ambient % Ending Total Mass, ug: -7.4 
Initial # of Drops: 100 Overall Evaporation Period, s: 475 
Average DSD Fiber Total Mass Loss, “9g: 1100.5 
Diameter in um: 97.3 Overall Evap. Rate, ng/s: 2s0e 
Test-Substance 
Density in g/mL: 1.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, #9 Temperature, °F Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min V V 
566 -26.7 75.9 51.9 Ueto 51.9 76.4 0.0 1.6 -1.6 
569 60.4 75.8 51.9 Ute nt/ 51.9 76.4 0.0 1.6 -1.6 
573 -35.0 75.8 51.9 75.6 51.9 76.5 0.0 1.6 -1.6 
576 -37.5 75.9 51.9 75.8 51.9 76.5 0.0 6 -1.6 
580 46.4 75.8 51.8 75.9 51.8 76.4 0.0 1.6 -1.6 
583 -66.2 75.9 52.0 75.8 52.0 76.4 0.0 1.6 -1.6 
587 -49.6 75.9 52.0 75.9 52.0 76.5 0.0 1.6 -1.6 
590 -51.1 75.9 51.9 76.1 51.9 76.5 0.0 1.6 -1.6 
594 “2.5 75.9 51.9 75.9 51.9 76.5 0.0 1.6 -1.6 
597 hae 75.9 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
601 “a0 75.9 52.0 75.4 53.7 76.4 0.0 1.6 -1.6 
604 14.2 75.9 51.9 lies 53.6 76.4 0.0 1.6 -1.6 
608 -43.0 75.9 51.9 (55 53.6 76.5 0.0 1.6 -1.6 
611 -70.8 75.9 52.0 75.6 52.0 76.4 0.0 1.6 -1.6 
615 -44.0 75.9 52.0 75.9 52.0 76.4 0.0 1.6 -1.6 
618 -27.9 75.9 51.9 75.9 51.9 76.5 0.0 1.6 -1.6 
622 -67.1 75.9 52.0 76.0 52.0 76.4 0.0 1.6 -1.6 
625 -105.6 75.9 51.8 76.1 51.8 76.5 0.0 1.6 -1.6 
629 -88.2 75.9 51.9 76.2 51.9 76.4 0.0 1.6 -1.6 
632 -14.7 75.9 52.0 76.2 52.0 76.4 0.0 1.6 -1.6 
636 -84.5 75.9 52.0 76.2 52.0 76.4 0.0 126 -1.6 
639 42.2 75.9 51.9 75.9 51.9 76.4 0.0 1.6 -1.6 
643 -97.4 75.9 51.8 75.9 51.8 76.4 0.0 1.6 -1.6 
646 -95.9 75.9 52.0 76.1 52.0 76.4 0.0 1.6 -1.6 
650 -2.8 75.9 52.0 76.1 52.0 76.5 0.0 1.6 -1.6 
653 34.4 75.9 51.8 75.9 51.8 76.5 0.0 1.6 -1.6 
657 -51.8 eho) 51.8 75.8 51.8 76.5 0.0 1.6 -1.6 
660 31.5 75.9 51.9 75.7 51.9 76.5 0.0 1.6 -1.6 
664 -57.4 75.9 51.9 THIOL 51.9 76.5 0.0 1.6 -1.6 
667 lees 75.9 Sieg, Teiee 51.9 76.5 0.0 1.6 -1.6 
671 62.8 75.9 Sins 75.4 53.6 76.5 0.0 1.6 -1.6 
674 58.3 75.9 52.0 75.4 53.7 76.5 0.0 1.6 -1.6 
678 9.0 75.9 51.9 75.4 53.6 76.4 0.0 dats -1.6 
681 2552 Tien 52.0 (pla SS 76.4 0.0 16 -1.6 
686 44.2 75.9 51.9 75.2 53.6 76.5 0.0 1.6 -1.6 
689 25a 75.9 S129 75.2 53.6 76.4 0.0 1.6 -1.6 
693 -4.0 75.9 52.0 75.3 53.7 76.4 0.0 1.6 -1.6 
696 -15.9 75.9 51.9 75.6 51.9 76.4 0.0 1.6 -1.6 
700 LY PAIS 75.9 51L9 75.6 51.9 76.4 0.0 1.6 -1.6 
703 -22.8 75.9 51.9 75.4 53.6 76.4 0.0 1.6 -1.6 
707 “9.7 75.9 52.0 75.6 52.0 76.5 0.0 1.6 -1.6 
710 23.0 75.9 51.8 75.5 53.6 76.4 0.0 1.6 -1.6 
714 17.8 Tei) 52.0 Tees: 53.7 76.5 0.0 1.6 -1.6 
717 22.4 75.9 51.9 Tee 53.6 76.5 0.0 1.6 -1.6 
721 12a% 75.9 51.8 75.2 53.6 76.4 0.0 1.6 -1.6 
724 40.5 75.8 51.8 qon0 5325 76.5 0.0 1.6 -1.6 
728 31.8 (ose 52.0 75.0 Sets 76.4 0.0 1.6 -1.6 
731 57.8 75.9 51.9 ee 53.6 76.4 0.0 1.6 -1.6 
735 -5.6 75.9 51.9 75.3 53.6 76.4 0.0 1.6 “1.6 
738 15.7 75.9 52.0 7S 53.7 76.4 0.0 1.6 -1.6 
742 -6.6 75.9 52.0 75.0 53.7 76.5 0.0 1.6 71.6 
745 74.1 75.9 51.9 fons 53.6 76.5 0.0 1.6 “1.6 
749 100.1 75.9 51.9 74.9 53.6 76.5 0.0 1.6 -1.6 
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Test Number: 
Substance: 

Target Drop Size: 
Target Air Velocity: 
Target Temperature: 
Target RH: 

Initial # of Drops: 
Average DSD Fiber 
Diameter in um: 
Test-Substance 
Density in g/mL: 


Elapsed 
Time, Microbalance 
sec Mass, ug 
752 40.5 
756 -15.0 
759 -10.3 
763 44.1 
766 -53.4 
770 -21.8 
773 -19.1 
777 37.4 
780 -7.8 
784 13.8 
787 11.3 
791 -8.0 
794 -37.0 
798 -16.1 
801 288.1 
805 -6.8 
810 =1.2 
814 =Ta2 
818 -6.5 
821 = Me 
825 -6.6 
829 -7.6 
832 = 100 
836 A 54 
839 -7.0 
843 ~6.5 
847 We 
850 A foe) 
854 -6.6 
857 -7.8 
861 -6.9 
865 -6.2 
868 =7.6 
872 -6.6 
876 =5.8 
879 =5.9 
883 “6.7 
887 -6.4 
890 =6.5 
894 -6.8 
898 -6.6 
902 -6.8 
905 -6.6 
909 “7.5 
912 Ah 
916 1201.0 
921 1093.1 
924 1096.6 
928 1114.1 
932 1104.0 
935 1155.2 
939 1099.5 
942 1117.6 


110392H 
WHO Water 
400 um 
0 ft/min 
Ambient °F 
Ambient % 
100 
97.3 
1.00 
Meter 


Temperature, °F 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Meter 
Relative 


Or 


Initial Drop Time, s: 
Initial Total Mass, pug: 
Average Initial Drop Mass, ug: 
Average Initial Drop Size, mm: 

Ending Evaporation Time, s: 
Ending Total Mass, pug: 
Overall Evaporation Period, s: 
Total Mass Loss, pg: 
Overall Evap. Rate, ng/s: 


Calculated 
Drop 


Relative 


Microbalance 


921 
1093.1 
10.93 
293 
1396 
-7.4 
475 
1100.5 
25ne 


Flow 


rop 
Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min 


52.9 
52.9 


52.9 


NNN AAA ANN AA Aa NS ols! ot Ol at lat at af a! of a! af at ol ol Lal af af ol ol ol ol ol ol lol ol al a at ol ot at ot 3! 
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53.6 76.5 
53.6 76.5 
53.6 76.5 
53.6 76.4 
53.6 76.5 
53.6 76.4 
51.9 76.5 
53.6 76.4 
53.7 76.5 
53.6 76.4 
53.6 76.5 
53.6 76.5 
53.5 76.5 
53.6 76.5 
51.9 76.4 
52.0 76.5 
51.9 76.4 
alka, 76.5 
51.8 76.5 
51.9 76.5 
52.0 76.5 
51.8 76.5 
51.9 76.4 
51.9 76.5 
51.9 76.5 
51.9 76.5 
51.9 76.5 
50.4 76.4 
50.3 76.4 
50.3 76.5 
50.3 76.5 
52.0 76.5 
52.4 76.5 
52.9 76.5 
52.9 76.6 
52.9 76.5 
53.0 76.5 
54.6 76.5 
56.4 76.4 
54.7 76.5 
52.9 76.4 
53.0 76.4 
52.9 76.4 
52.9 76.4 
54.6 76.4 
54.6 76.5 
54.6 76.4 
54.6 76.4 
54.7 76.5 
54.7 76.5 
54.7 76.5 
54.6 76.5 
56.4 76.5 


. 8 
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Photo 
Switch 
Voltage, 
Vv 


Spray 
Switch 
Voltage, 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392H Initial Drop Time, s: 921 
Substance: WHO Water Initial Total Mass, sg: 1093.1 
Target Drop Size: 400 um Average Initial Drop Mass, ug: 10.93 
Target Air Velocity: 0 ft/min Average Initial Drop Size, pm: 293 
Target Temperature: Ambient °F Ending Evaporation Time, s: 1396 
Target RH: Ambient % Ending Total Mass, sg: -7.4 
Initial # of Drops: 100 Overall Evaporation Period, s: 475 
Average DSD Fiber Total Mass Loss, pg: 1100.5 
Diameter in um: 97.3 Overall Evap. Rate, ng/s: 23.2 
Test-Substance 
Density in g/ml: 1.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, gg Temperature, °F Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min V ] 
946 1177.4 75.8 53.0 73.9 56.5 76.5 0.0 1.6 -1.6 
950 1142.2 75.9 52.9 73.5 56.4 76.4 0.0 1.6 -1.6 
953 1091.8 75.8 53.0 73.6 56.4 76.4 0.0 1.6 -1.6 
957 1113.1 75.9 52.9 73.5 58.3 76.5 0.0 1.6 =1.6 
960 1033.8 75.9 52.9 73.4 58.2 76.5 0.0 1.6 -1.6 
964 1046.4 75.9 52.8 73.5 56.3 76.5 0.0 1.6 21.6 
968 1006.9 75.9 52.9 73.4 58.2 76.5 0.0 1.6 -1.6 
971 997.2 75.9 52.8 73.7 56.3 76.4 0.0 1.6 -1.6 
975 1056.9 75.9 53.0 73.2 58.3 76.5 0.0 1.6 -1.6 
978 967.7 75.9 52.9 73.0 58.2 76.5 0.0 1.6 -1.6 
982 1026.2 75.9 52.8 73.1 58.1 76.5 0.0 1.6 -1.6 
986 958.8 75.9 52.9 73.3 58.2 76.5 0.0 1.6 -1.6 
989 1017.5 75.9 52.8 73.9 56.3 76.5 0.0 1.6 -1.6 
993 953.3 75.9 52.9 73.1 58.2 76.4 0.0 1.6 =1.6 
996 932.1 75.9 52.8 73.8 56.3 76.5 0.0 1.6 -1.6 
1000 871.1 75.9 52.9 73.9 56.4 76.5 0.0 1.6 -1.6 
1004 924.8 75.9 52.8 73.7 56.3 76.5 0.0 1.6 -1.6 
{007 875.9 75.9 52.9 73.8 56.4 76.5 0.0 1.6 -1.6 
1011 907.1 75.9 52.9 74.1 56.3 76.4 0.0 1.6 -1.6 
1014 869.4 75.9 52.9 73.6 56.4 76.5 0.0 1.6 -1.6 
1018 843.4 fos9) 52.8 73.6 56.3 76.4 0.0 -0.0 -1.6 
1022 879.3 75.9 52.9 73.0 58.2 76.5 0.0 -0.0 -1.6 
1025 776.5 75.9 52.9 73.7 56.3 76.5 0.0 1.6 -1.6 
1029 811.4 75.9 53.0 73.2 58.3 76.5 0.0 1.6 -1.6 
1033 765.0 0.9 52.9 73.6 56.3 76.5 0.0 1.6 -1.6 
1036 808.9 75.9 52.9 73.0 58.2 76.5 0.0 1.6 -1.6 
1040 717.2 75.9 52.9 74.0 56.3 76.5 0.0 1.6 -1.6 
1043 686.1 75.9 52.8 74.4 56.3 76.5 0.0 26 -1.6 
1047 802.9 75.9 52.9 73.9 56.4 76.5 0.0 1.6 -1.6 
1051 737.0 75.9 52.8 73.5 56.3 76.5 0.0 1.6 -1.6 
1054 784.0 75.9 52.8 73.3 58.1 76.5 0.0 1.6 -1.6 
1058 716.4 75.9 52.9 73.5 58.2 76.5 0.0 1.6 -1.6 
1061 754.8 75.9 52.8 LEO 56.3 76.5 0.0 1.6 “1.6 
1065 665.6 75.9 52.9 73.4 58.2 76.5 0.0 1.6 -1.6 
1069 690.2 75.9 52.8 (Ei 58.1 76.4 0.0 1.6 -1.6 
1072 682.5 75.9 53.0 73.0 58.3 76.5 0.0 -0.0 -1.6 
1076 687.2 75.9 52.8 73.8 56.3 76.4 0.0 -0.0 -1.6 
1080 640.0 75.9 52.8 73.5 56.3 76.5 0.0 1.6 -1.6 
1083 569.3 75.9 52.9 73.8 56.3 76.5 0.0 1.6 -1.6 
1087 635.1 75.9 52.9 73.7 56.3 76.5 0.0 1.6 -1.6 
1090 5255) 75.9 52.9 74.0 56.4 76.5 0.0 1.6 -1.6 
1094 541.5 75.9 53.0 74.3 56.5 76.5 0.0 1.6 -1.6 
1098 545.8 75.9 52.9 74.3 56.3 76.5 0.0 1.6 -1.6 
1101 582.5 75.9 52.9 73.9 56.3 76.5 0.0 1.6 -1.6 
1105 519.6 75.9 52.9 73.6 56.4 76.5 0.0 1.6 -1.6 
1108 515.6 75.9 52.8 73.5 56.3 76.6 0.0 1.6 -1.6 
4112 512.6 75.9 53.0 73.4 58.3 76.5 0.0 1.6 -1.6 
1116 460.1 75.9 53.0 73.7 56.5 76.5 0.0 1.6 -1.6 
1119 568.1 75.9 52.9 73.9 56.3 76.6 0.0 1.6 -1.6 
1123 561.6 75.9 53.0 7355 56.5 76.5 0.0 -0.0 -1.6 
1127 55125 75.9 53.0 72.9 58.3 76.4 0.0 -0.0 “1.6 
1130 375.2 75.9 52.9 73.6 56.3 76.5 0.0 1.6 -1.6 
1134 465.5 75.9 5350 74.2 56.5 76.5 0.0 1.6 -1.6 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392H Initial Drop Time, s: 921 
Substance: WHO Water Initial Total Mass, #9: 1093.1 
Target Drop Size: 400 um Average Initial Drop Mass, #9: 10.93 
Target Air Velocity: 0 ft/min Average Initial Drop Size, pm: 293 
Target Temperature: Ambient °F Ending Evaporation Time, $s: 1396 
Target RH: Ambient x Ending Total Mass, #9: -7.4 
Initial # of Drops: 100 Overall Evaporation Period, $s: 475 
Average DSD Fiber Total Mass Loss, #9: 1100.5 
Diameter in am: 97.3 Overall Evap. Rate, ng/s: ese 
Test- Substance 
Density in g/mL: 4.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, | Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, #9 Temperature, °F Humidity, % Temperature, °F Humidity, * Temperature, °F Rate, L/min V V 
1137 476.4 75.9 52.9 73.8 56.4 76.5 0.0 1.6 -1.6 
1141 478.7 75.9 53.0 73.5 56.5 76.5 0.0 1.6 -1.6 
1145 423.1 75.9 52.9 73.5 58.2 76.5 0.0 1.6 -1.6 
1148 403.6 75.9 52.8 73.6 56.3 76.5 0.0 1.6 -1.6 
1152 434.8 75.9 52.8 73.7 56.3 76.6 0.0 1.6 -1.6 
1156 458.5 75.9 52.9 73.1 58.2 76.5 0.0 1.6 “1.6 
1160 368.1 75.9 53.0 73.0 58.3 76.5 0.0 1.6 -1.6 
1164 381.5 75.9 52.9 73.3 58.2 76.5 0.0 1.6 -1.6 
1167 392.5 75.9 52.8 73.4 58.1 76.5 0.0 1.6 -1.6 
1171 323.6 75.9 52.9 74.1 56.4 76.5 0.0 1.6 -1.6 
1174 291.5 75.9 52.9 74.3 56.3 76.5 0.0 1.6 -1.6 
1178 325.9 75.9 52.9 73.9 56.3 76.5 0.0 1.6 -1.6 
1182 341.8 75.9 52.9 74.1 56.3 76.5 0.0 1.6 -1.6 
1185 310.4 75.9 52.9 73.8 56.3 76.6 0.0 1.6 -1.6 
1189 294.2 75.9 53.0 73.9 56.4 76.5 0.0 1.6 -1.6 
1192 257.6 75.9 52.9 74.2 56.4 76.5 0.0 1.6 -1.6 
1196 211.0 75.9 52.8 74.4 56.3 76.5 0.0 1.6 -1.6 
1200 229.0 75.9 52.9 74.5 54.6 76.5 0.0 1.6 -1.6 
1203 308.4 75.9 52.8 74.4 56.3 76.5 0.0 1.6 -1.6 
1207 234.7 75.9 52.9 73.9 56.4 76.5 0.0 1.6 -1.6 
1211 238.2 75.9 52.9 73.9 56.4 76.4 0.0 1.6 -1.6 
1214 244.9 75.9 52.9 73.9 56.3 76.5 0.0 1.6 -1.6 
1218 227.3 75.9 52.8 74.0 56.3 76.5 0.0 1.6 -1.6 
1221 205.4 picks 52.9 74.2 56.4 76.5 0.0 1.6 -1.6 
1225 257.2 75.9 52.8 73.9 56.3 76.4 0.0 -0.0 -1.6 
1229 209.2 75.9 52.8 74.0 56.3 76.5 0.0 -0.0 -1.6 
1232 216.2 TR S229 74.1 56.4 76.5 0.0 1.6 -1.6 
1236 270.7 75.9 53.0 74.3 56.5 76.5 0.0 1.6 -1.6 
1239 244.4 75.9 52.9 74.1 56.4 7h) 0.0 1.6 -1.6 
1243 159.7 75.9 52.8 74.0 56.3 76.5 0.0 1.6 -1.6 
1247 181.0 75.9 52.9 74.1 56.4 76.5 0.0 1.6 -1.6 
1250 229.7 75.9 53.0 74.1 56.5 76.5 0.0 1.6 -1.6 
1254 208.8 75.9 52.9 73.7 56.4 76.5 0.0 1.6 -1.6 
1257 116.7 75.9 53.0 73.6 56.5 76.5 0.0 1.6 -1.6 
1261 129.1 75.9 52.9 73.9 56.4 76.6 0.0 1.6 -1.6 
1265 Asien 75.9 53.0 73.7 56.5 76.5 0.0 1.6 -1.6 
1268 190.6 75.9 53.0 Te 56.5 76.5 0.0 1.6 -1.6 
1272 128.8 75.9 52.9 73.6 56.4 76.6 0.0 Whe -1.6 
1275 70.2 75.9 53.0 74.1 56.5 76.6 0.0 1.6 -1.6 
1279 127.4 75.9 52.9 74.3 56.3 76.6 0.0 1.6 -1.6 
1283 98.5 75.9 53.0 74.3 56.4 76.5 0.0 1.6 -1.6 
1286 124.7 75.9 52.9 74.1 56.4 76.6 0.0 1.6 -1.6 
1290 107.6 75.9 52.8 74.2 56.3 76.5 0.0 1.6 -1.6 
1293 Sire 75.9 52.9 74.2 56.4 76.5 0.0 1.6 -1.6 
1297 36.5 75.9 53.0 74.8 54.7 76.5 0.0 1.6 -1.6 
1301 141.0 75.9 52.9 74.5 56.4 76.6 0.0 1.6 -1.6 
1304 146.5 75.9 53.0 74.0 56.5 76.5 0.0 1.6 -1.6 
1308 83.8 75.9 53.0 74.1 56.4 76.5 0.0 6 -1.6 
1312 3.1 75.9 52.9 74.5 54.6 76.5 0.0 1.6 -1.6 
4315 W404 75.9 52.9 74.6 54.6 76.5 0.0 1.6 -1.6 
1319 104.3 75.9 52e9. 74.4 56.3 76.5 0.0 1.6 -1.6 
1322 49.7 75.9 52.8 74.6 54.6 76.5 0.0 1.6 -1.6 
1326 96.4 Ubick 53.0 74.5 54.7 76.5 0.0 1.6 -1.6 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392H Initial Drop Time, s: 921 
Substance: WHO Water Initial Total Mass, #9: 1093.1 
Target Drop Size: 400 pm Average Initial Drop Mass, #9: 10.93 
Target Air Velocity: 0 ft/min Average Initial Drop Size, mm: 293 
Target Temperature: Ambient °F Ending Evaporation Time, s: 1396 
Target RH: Ambient % Ending Total Mass, #9: -7.4 
Initial # of Drops: 100 Overall Evaporation Period, s: 475 
Average DSD Fiber Total Mass Loss, #9: 1100.5 
Diameter in pm: 97.3 Overall Evap. Rate, ng/s: 23.2 
Test-Substance 
Density in g/mL: 1.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, Hg Temperature, °F Humidity, % Temperature, °f Humidity, * Temperature, °F Rate, L/min v v 
1329 67.2 75.9 52.8 74.2 56.3 76.5 0.0 1.6 -1.6 
1333 95.9 75.9 52.9 74.3 56.4 76.5 0.0 1.6 -1.6 
1337 -17.6 75.9 52.8 74.5 54.6 76.5 0.0 1.6 -1.6 
1340 -52.2 75.9 52.9 75.0 54.7 ae> 0.0 1.6 -1.6 
1344 -44.6 75.9 52.9 75.3 54.6 76.5 0.0 1.6 -1.6 
1347 -41.6 75.9 52.6 75.5 54.4 76.5 0.0 1.6 -1.6 
1351 98.4 75.9 52.9 74.8 54.7 76.5 0.0 1.6 -1.6 
1355 60.9 75.9 52.8 74.6 54.5 76.5 0.0 1.6 -1.6 
1358 105.9 75.9 52.6 74.6 54.4 76.5 0.0 1.6 -1.6 
1362 76.9 75.9 52:5 74.5 54.1 76.6 0.0 1.6 -1.6 
1366 -37.4 75.9 51.9 74.9 53.6 76.5 0.0 1.6 -1.6 
1369 Palos 75.9 52.3 75.1 54.0 76.5 0.0 156 71.6 
1373 -91.1 75.9 52.0 75.5 52.0 76.6 0.0 1.6 -1.6 
1376 14.2 75.9 52.0 75.3 53.8 76.5 0.0 1.6 -1.6 
1380 -19.9 75.9 51.9 fase 53.6 76.5 0.0 1.6 -1.6 
1384 -34.2 75.9 Beg Tele) 53.6 76.5 0.0 1.6 -1.6 
1387 -57.3 75.9 52.3 75.3 54.0 76.5 0.0 0 -1.6 
1392 -102.4 75.9 52.1 75.6 Soa 76.5 0.0 1.6 -1.6 
1396 -7.4 Teo, 52.3 75.3 54.0 76.5 0.0 -0.0 LS 
1399 -84.9 75.9 52.0 75.4 53.7 76.5 0.0 1.6 -1.6 
1403 18.1 75.9 51.9 75.3 53.6 76.5 0.0 1.6 -1.6 
1406 7.0 75.9 52.0 75.4 53.7 76.5 0.0 to) -1.6 
1410 55.0 75.9 52.0 75.1 S562 76.5 0.0 1,6 -1.6 
1414 7.4 75.9 52.0 74.9 550 76.5 0.0 1.6 -1.6 
1417 39.0 75.9 Pho) tea!) 53.6 76.5 0.0 1.6 -1.6 
1421 Td 75.9 52.0 Wee Biot 76.6 0.0 1.6 -1.6 
1424 64.2 75.9 52.0 75.0 et 76.5 0.0 1.6 -1.6 
1428 49.4 75.9 51.8 75.0 53.6 76.6 0.0 1.6 -1.6 
1432 56.3 75.9 52.0 74.7 Sate 76.5 0.0 1.6 -1.6 
1435 -39.9 75.9 52.0 74.8 PESL 76.5 0.0 1.6 -1.6 
1439 8.8 75.9 52.0 75.1 53.7 76.6 0.0 1.6 -1.6 
1442 30.7 ip) 51.9 <2 53.6 76.6 0.0 1.6 -1.6 
1446 56.3 75.9 51.9 Tele 53.6 76.6 0.0 1.6 -1.6 
1450 -85.4 75.9 51.9 75.0 53.6 76.6 0.0 1.6 -1.6 
1453 35.9 75.9 52.0 one 53.7 76.6 0.0 1.6 -1.6 
1457 17.8 75.9 52.0 7a. 53.7 76.6 0.0 1.6 -1.6 
1460 -2.1 75.9 51.9 oe 53.6 76.5 0.0 1.6 -1.6 
1464 44.1 75.9 52.0 (eC 53.7 76.6 0.0 1.6 -1.6 
1468 37.9 75.9 51.9 75.0 53.6 76.5 0.0 1.6 -1.6 
1471 0.1 75.9 Sic9 75.1 53.6 76.6 0.0 1.6 -1.6 
1475 67.1 75.9 51.9 ae 53.6 76.5 0.0 1.6 -1.6 
1478 -52.7 75.9 51.8 75.3 53.6 76.6 0.0 1.6 -1.6 
1482 44.9 75.9 51.9 75.2 PEt 76.6 0.0 1.6 -1.6 
1486 S2s5 75.9 52.0 75.0 53.7 76.5 0.0 1.6 -1.6 
1489 31.6 75.9 51.9 74.9 53.6 76.6 0.0 1.6 -1.6 
1493 -68.1 75.9 52.0 75.2 53.7 76.5 0.0 1.6 -1.6 
1496 -102.4 75.9 51.9 Tice) 535.6 76.6 0.0 1.6 -1.6 
1500 64.5 (een? 51.9 ed) 53.6 76.5 0.0 1.6 -1.6 
1504 les) 75.9 52.0 75.0 53.7 76.5 0.0 1.6 -1.6 
1507 -85.1 75.9 51.9 Cole 53.7 76.6 0.0 126 -1.6 
1511 99.6 75.9 52.0 Ueion 53.7 76.6 0.0 1.6 -1.6 
1514 -21.4 75.9 51.9 Tose 53.6 76.6 0.0 156 -1.6 
1518 -43.5 75.9 51.9 75.4 53.6 76.6 0.0 1.6 -1.6 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392H Initial Drop Time, s: 921 
Substance: WHO Water Initial Total Mass, pg: 1093.1 
Target Drop Size: 400 um Average Initial Drop Mass, sg: 10.93 
Target Air Velocity: 0 ft/min Average Initial Drop Size, pm: 293 
Target Temperature: Ambient °F Ending Evaporation Time, s: 1396 
Target RH: Ambient % Ending Total Mass, ug: -7.4 
Initial # of Drops: 100 Overall Evaporation Period, s: 475 
Average DSO Fiber Total Mass Loss, pg: 1100.5 
Diameter in um: 97.3 Overall Evap. Rate, ng/s: 23.2 
Test-Substance 
Density in g/mL: 1.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, 29 Temperature, °F Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min V V 
1522 -94.0 75.9 52.0 75.7 52.0 76.6 0.0 1.6 =O 
1525 -59.8 75.9 52.0 75.8 52.0 76.6 0.0 1.6 -1.6 
1529 -64.1 75.9 52.0 75.8 52.0 76.6 0.0 1.6 =i 
1532 11.0 75.9 52.0 75.6 52.0 76.6 0.0 1.6 -1.6 
1536 -70.3 75.9 51.9 75.6 S129 76.6 0.0 1.6 -1.6 
1540 -40.6 75.9 51.9 75.6 51.9 76.6 0.0 1.6 -1.6 
1543 15.7 75.9 51.9 75.6 51.9 76.6 0.0 1.6 “1.6 
1547 -70.5 75.9 51.9 75.9 51.9 76.6 0.0 1.6 -1.6 
1550 “44.9 75.9 51.8 75.8 51.8 76.6 0.0 1.6 -1.6 
1554 STav, 75.9 51.9 75.7 51.9 76.6 0.0 1.6 -1.6 
1558 -12.4 Tees 51.9 75.6 51.9 76.5 0.0 1.6 -1.6 
1561 =35.3 75.9 51.9 75.8 51.9 76.6 0.0 1.6 “1.6 
1565 -19.0 75.9 52.0 75.7 * $2.0 76.6 0.0 1.6 =156 
1568 1.3 75.9 51.9 75.4 53.6 76.5 0.0 1.6 -1.6 
1572 26.7 75.9 51.8 ees 53.6 76.6 0.0 1.6 -1.6 
1576 59.0 75.9 51.9 75.3 53.6 76.6 0.0 1.6 -1.6 
1579 15.4 75.9 51.9 75.1 53.6 76.6 0.0 1.6 -1.6 
1583 711.3 75.9 52.0 75.4 SRsis 76.5 0.0 1.6 -1.6 
1586 “1.9 75.9 51.9 tiple 51.9 76.6 0.0 1.6 -1.6 
1590 0.1 75.9 51.8 75.4 53.6 76.6 0.0 1.6 -1.6 
1594 12.3 Yee) 51.9 face 53.6 76.6 0.0 Une -1.6 
1597 -60.4 75.9 51.9 (se 53.6 76.6 0.0 1.6 -1.6 
1601 35.0 75.9 52.0 75.3 MG If 76.6 0.0 1.6 =1.6 
1604 6.1 75.9 51.9 (os 53.6 76.6 0.0 1.6 =1.6 
1608 -17.5 75.9 51.8 ae 53.6 76.6 0.0 6 =1.6 
1612 30.9 75.9 52.0 75.4 lave 76.6 0.0 126 -1.6 
1615 -49.9 75.9 51.9 75.3 53.6 76.5 0.0 1.6 -1.6 
1619 -17.4 75.9 52.0 75.4 LEE nr A 76.6 0.0 1.6 -1.6 
1623 43.3 75.9 51.9 (lee 53.6 76.6 0.0 1.6 -1.6 
1627 10.6 75.9 51.9 75.6 51.9 76.6 0.0 1.6 -1.6 
1631 -54.9 75.9 51.9 ieee) 51.9 76.6 0.0 1.6 -1.6 
1635 -19.8 75.9 52.0 Teac: 53.7 76.5 0.0 1.6 =1.6 
1638 “44.5 75.9 51.9 Ueyee 51.9 76.6 0.0 1.6 -1.6 
1642 10.7 75.9 52.0 75.6 52.0 76.6 0.0 1.6 -1.6 
1645 43.8 75.9 51.9 Teer 51.9 76.5 0.0 1.6 -1.6 
1649 30.5 75.9 51.9 ose 53.6 76.6 0.0 1.6 alle 
1653 67.4 75.9 51.9 75.0 53.6 76.6 0.0 1.6 -1.6 
1656 -32.3 75.9 52.0 75.0 ERIS 76.5 0.0 1.6 -1.6 
1660 42.0 (ek 51.9 Tey 53.6 76.5 0.0 1.6 -1.6 
1663 4.3 75.9 52.0 teler SETS 76.6 0.0 1.6 -1.6 
1667 -52.3 75.9 51.9 (eee 51.9 76.6 0.0 1.6 -1.6 
1671 -30.7 75.9 52.0 Tet 52.0 76.6 0.0 1.6 -1.6 
1674 63.9 Too 52.0 TAedoles 52.0 76.6 0.0 1.6 -1.6 
1678 15.3 (eles) 51.9 Tose 53.6 76.6 0.0 1.6 -1.6 
1681 -9.0 75.9 51.9 (ne 53.6 76.6 0.0 1.6 -1.6 
1685 -86.0 75.9 52.0 75.4 EI / 76.6 0.0 1.6 ete) 
1689 lors 75.9 Silay Pelee) 51.9 76.5 0.0 1.6 -1.6 
1692 3.4 75.9 52.0 Thee) SRS 76.6 0.0 1.6 -1.6 
1696 -32.4 75.9 52.0 75.4 ERAL/ 76.5 0.0 1.6 -1.6 
1699 -43.1 75.9 51.9 Tice: 51.9 76.5 0.0 lee -1.6 
1703 -6.1 75.9 51.9 75.7 S159 76.6 0.0 1.6 -1.6 
1707 -16.8 75.9 51.9 75.6 51.9 76.6 0.0 1.6 -1.6 
1710 “27.7 75.9 51.9 75.6 alee 76.6 0.0 1.6 -1.6 
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Test Number: 
Substance: 

Target Drop Size: 
Target Air Velocity: 
Target Temperature: 
Target RH: 

Initial # of Drops: 
Average DSD Fiber 
Diameter in um: 
Test-Substance 
Density in g/mL: 


Elapsed 
Time, Microbalance 
sec Mass, Hg 

1714 -12.8 
1717 -19.3 
1721 23.6 
1725 -19.3 
1728 -3.8 
1732 43.2 
1735 -38.0 
1739 -62.6 
1743 3.5 
1746 46.0 
1750 ey 
1753 -6.1 


Averages: 


110392H 
WHO Water 
400 um 
0 ft/min 
Ambient °F 
Ambient % 
100 
97.3 
1.00 
Meter 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Meter 
Relative 


eccee 


Initial Drop Time, s: 

Initial Total Mass, ug: 
Average Initial Drop Mass, Kg: 
Average Initial Drop Size, pm: 
Ending Evaporation Time, s: 
Ending Total Mass, #9: 

Overall Evaporation Period, s: 
Total Mass Loss, #9: 

Overall Evap. Rate, ng/s: 


Calculated 
Drop 
Drop Relative Microbalance 
Humidity, % Temperature, °F Humidity, % Temperature, NP 
75.4 53.6 76.6 
Tess 51.9 76.6 
75.4 53.6 76.6 
75.3 53.6 76.6 
75.4 53.5 76.6 
75.4 53.7 76.6 
75.6 52.0 76.6 
75.8 51.9 76.5 
75.7 52.0 76.5 
75.5 51.9 76.6 
75.4 53.7 76.7 
fame 53.7 76.6 
75.1 5301, 76.5 


921 
1093.1 
10.93 
293 
1396 
-7.4 


1100.5 
23.2 


Flow 
Rate, L/min 
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APPENDIX C 


EXAMPLE OF REDUCED DATA FROM A DROPLET-EVAPORATION TEST WITH AIRFLOW 
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Test Number: 
Substance: 

Target Drop Size: 
Target Air Velocity: 
Target Temperature: 
Target RH: 

Initial # of Drops: 
Average DSD Fiber 
Diameter in um: 
Test-Substance 


Elapsed 


Time, Microbalance 
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110392F 
WHO Water 
400 um 
300 ft/min 
59 oF 
60 % 
106 
97.3 
1.00 
Meter 


Temperature, °F 


Project 6819.7 -- Droplet-Evaporation Test Results 


Meter 
Relative 


Humidity, % Temperature, 


73.9 
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Drop 


58.6 


58.7 
58.8 


Initial Drop Time, s: 
Initial Total Mass, yg: 
Average Initial Drop Mass, ug: 
Average Initial Drop Size, um: 

Ending Evaporation Time, s: 
Ending Total Mass, #9: 
Overall Evaporation Period, s: 
Total Mass Loss, “9g: 
Overall Evap. Rate, ng/s: 


Drop 
Relative 
°F Humidity, % Temperature, °F 


Microbalance 
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1433 
1273.5 
12.01 
301 
1497 
294.2 
64 
979.4 
144.4 


Flow 
Rate, L/min 


Switch 
Voltage, 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392F Initial Drop Time, s: 1433 
Substance: WHO Water Initial Total Mass, wg: 1273.5 

Target Drop Size: 400 um Average Initial Drop Mass, pg: 12.01 
Target Air Velocity: 300 ft/min Average Initial Drop Size, um: 301 
Target Temperature: 59 °F Ending Evaporation Time, s: 1497 
Target RH: 60 % Ending Total Mass, sg: 294.2 


Initial # of Drops: 106 Overall Evaporation Period, s: 64 

Average DSD Fiber Total Mass Loss, yg: 979.4 
Diameter in um: 97.3 Overall Evap. Rate, ng/s: 144.4 
Test-Substance 
Density in g/m: 1.00 

Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, pg Temperature, °F Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min V V 

190 -8.1 515 73.7 59.0 58.0 75.5 15.5 1.6 “1.6 
193 -7.3 5125. 73.7 59.1 58.0 75.5 15.4 1.6 -1.6 
197 =7.0 315 73.7 59.2 58.0 Tele; 1555 1.6 -1.6 
200 “6.9 Si-5 73.7 59.4 58.0 Ye} 15.4 1.6 Ate: 
204 -7.6 515 73.7 59.3 58.0 Tee) 15.4 1.6 =1e0 
207 Seer 51.5 73.7 58.8 58.0 75.5 15.4 1.6 Hes 
210 -7.4 51.6 73.7 59.0 58.0 75.4 15.4 1.6 =1.6 
214 The) 51.5 (al 58.7 58.0 75.5 15.4 1.6 -1.6 
217 “7.1 SiS 73.7 58.9 58.0 75.5 15.5 1.6 =1'.6 
221 “7.8 5125 73.7 58.9 58.0 75.5 15.4 1.6 -1.6 
225 -7.0 51.6 73.5 59.0 57.9 75.4 15.4 1.6 -1.6 
229 -7.0 5155 Uolk 58.9 Stee ToD) 15.4 1.6 -1.6 
232 “6.9 Sie5 lean 58.9 57.2 75.5 15.4 1.6 -1.6 
236 -6.3 517.5 72.8 58.9 57.2 75.4 15.4 1.6 -1.6 
239 -6.4 51.5 72.7 59.0 Sine i> 1525 1.6 "1.6 
243 -6.0 5125 72.7 58.8 Siee 75.5 15.4 1.6 =1-6 
246 -7.0 ee 72.7 58.9 fae 75.5 15.4 1.6 = 156 
250 =650 Sica (ent 59.0 Dine 7525 15.5 1.6 -1.6 
253 -5 29 S155 leat 58.5 “Tors 7925 15.4 1.6 hats 
257 -6.4 5155 72.7 58.7 57.2 7525 15.4 1.6 Sih 
260 -6.8 51:5 eeu 59.1 Size. 75.5 15.4 1.6 =1.6 
264 -7.0 51.5 72.7 59.0 See (525 1535 1.6 =1°6 
267 -7.3 5125 lent 58.7 57.2 75.4 15.4 1.6 aes 
270 -6.3 5135 72.8 59.0 57a 75.4 15.4 1.6 =156 
274 SKS: 5155 72.8 58.9 Sfe5 TERE: 15.4 1.6 =1.6 
277 oT fe ayes) leat 59.1 Dime Tice: 15.4 1.6 =n 
281 =f fol’ Sileo 72.7 58.7 LTA 3 15.4 1.6 =1.6 
284 = TsO las 71.8 58.9 56.5 (eine) Ueige: 1.6 -1.6 
288 =655 51.5 71.8 59.6 54.6 Cpe) 15.4 1.6 aifts 
291 -7.4 51.5 TANeié 59.2 56.4 (525) 1535 1.6 -1.6 
295 -6.8 5ic5 71.8 59.1 56.5 (eS) 15.4 1.6 =1.6 
298 -7.9 51:5 Wat 59.2 56.4 75.4 1523 1.6 =1.6 
302 -6.6 51:5 71.8 59.1 56.5 Tieses) 15.4 1.6 -1.6 
305 -6.6 5125 71.8 59.4 56.5 (525 15.4 1.6 “1.6 
309 Hor 5155 71.8 59.5 56.5 (py) 15.5 1.6 lS 
312 =6nc 51.5 71.7 58.7 56.4 75.4 15.4 1.6 =136 
315 HEH. 51.5 (Alte 59.2 56.4 75.4 1525 1.6 = 150 
319 =5.8 Sica 71.7 59.2 56.4 (eyo: 15.4 1.6 miles 
322 -6.9 ei haes 71.8 58.6 56.5 Uelor, 15.4 1.6 “Ale 
326 =6.2 5125 71.7 59.3 56.4 75.5 1555 1.6 =e) 
329 -6.1 Sito 71.7 58.9 56.4 75.5 15.4 1.6 =1.6 
333 “fal ala CAlare 58.9 56.4 15.5 15.4 1.6 =1.6 
336 -6.4 51.5 71.8 59.0 56.5 5.5 1525 1.6 =156 
340 -7.8 51.5 7p 58.7 56.5 75.5 15.5 1.6 =H 
343 -6.7 51.5 71.8 59.0 56.5 TEE, 1525 1.6 -1.6 
347 -6.4 51.5 dive 59.2 56.4 1539 15.4 1.6 =12.6 
350 -6.6 S15 71.4 58.8 56.2 15.5 15.5 1.6 S150 
354 =605 S155 70.8 58.9 55.7 (eee) 15.5 1.6 =1.6 
357, “ce Siles 70.8 59.0 EES/ (eee) 15.4 1.6 =1°6 
361 “6.4 Ste5 70.7 58.8 55.7 75.5 Uelae 1.6 e156 
364 =the 51.5 70.7 59.0 55.6 75.5 15.5) 136 Thats 
367 ST hcR Bye: 70.8 59.0 Pre 75.4 (S23 1.6 =1.6 
371 “7.1 Siz5 70.8 58.8 EEG Tee 15.4 1.6 1.0 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392F Initial Drop Time, s: 1433 
Substance: WHO Water Initial Total Mass, #9: 1273.5 
Target Drop Size: 400 um Average Initial Drop Mass, #9: 12.01 
Target Air Velocity: 300 ft/min Average Initial Drop Size, mm: 301 
Target Temperature: 59 °F Ending Evaporation Time, s: 1497 
Target RH: 60 % Ending Total Mass, #9: 294.2 
Initial # of Drops: 106 Overall Evaporation Period, s: 64 
Average DSD Fiber Total Mass Loss, sg: 979.4 
Diameter in mm: 97.3 Overall Evap. Rate, ng/s: 144.4 
Test-Substance 
Density in g/mL: 1.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, #9 Temperature, °F Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min V V 
374 -6.5 Silo 70.7 58.5 55.6 Thee) 15.4 1.6 -1.6 
378 -6.9 51.5 70.7 58.6 5537 75.4 15/55 ele -1.6 
381 -6.5 51.5 70.7 58.8 55.6 eles 1523 1.6 -1.6 
385 -7.5 Whol 70.7 59.7 53.8 5.5 15-5 1.6 -1.6 
388 -6.4 Siz5 70.8 67.0 42.6 (ees) 15.4 1.6 -1.6 
392 -118.3 51.6 70.8 69.3 39.9 eye) 15.4 1.6 -1.6 
395 -116.2 51.6 70.7 71.2 37.4 75.6 15:5 1.6 -1.6 
399 -59.4 51.6 Ont, 71.9 36.3 75.5 15.4 1.6 -1.6 
402 -42.1 51.6 70.7 71.2 37.4 75.6 15235 1.6 “1.6 
406 -63.6 51.6 70.7 71.8 36.2 75.6 1525 1.6 -1.6 
409 42.3 51.6 70.8 leit 36.3 75.6 15.3 1.6 “1.6 
412 36.7 51.6 70.8 71.4 37.4 75.6 15.35 1.6 -1.6 
416 SEITE 51.6 70.8 71.4 37.4 75.6 A535 1.6 -1.6 
419 68.3 51.6 70.7 71.5 37.4 75.7 15.3 1.6 -1.6 
423 38.3 51.6 70.7 71.6 36.2 Usele 15.3 1.6 “1.6 
426 -19.3 51.6 70.7 71.7 36.2 Tot 15.3 1.6 -1.6 
430 68.5 51.6 70.8 72.0 36.3 (aff 15.4 1.6 -1.6 
433 45.4 51.6 70.7 71.9 36.2 (ole 15.2 1.6 -1.6 
437 14.7 51.6 70.8 71.9 36.3 (at 15.4 1.6 -1.6 
440 28.2 51.6 70.7 72.0 36.3 TRIALS 15.4 1.6 -1.6 
444 24.3 51.6 70.7 72.0 36.2 int 15.3 1.6 -1.6 
447 20.5 51.6 70.8 72.4 36.3 75.7 15.25 1.6 -1.6 
452 65.4 51.6 70.8 72.5 35.1 als 15.4 i -1.6 
455 8.2 51.6 70.7 72.7 35.1 (eyete 15.4 1.6 -1.6 
459 -58.3 51.6 70.7 72.9 SS 75.8 15,05 1.6 -1.6 
462 -1.5 51.6 70.8 72.9 Soa 75.8 15.3 1.6 -1.6 
466 27.5 51.6 70.8 72.9 55.1 at 15.4 1.6 -1.6 
469 54.6 51.6 70.7 eat SS (Sel ees) 1.6 -1.6 
472 15.6 51.6 70.7 72.7 35.1 els 15.4 1.6 -1.6 
476 42.9 51.6 70.7 72.8 BSe0 75.7 1535 1.6 -1.6 
479 35.7 51.6 70.7 72.8 35.1 ete isi 1.6 -1.6 
483 17.9 51.6 70.7 73.0 SSnit 75.7 415.3 1.6 -1.6 
486 -2.1 51.6 70.8 73.0 35.1 jan 15.4 126 -1.6 
490 29.9 51.6 70.7 73.3 35.11 Ute 1525 136 -1.6 
493 44.3 51.6 70.7 73.3 3521 (sore 15.3 1.6 -1.6 
497 61.5 51.6 70.8 73.2 3521 Teiore 15.4 1.6 -1.6 
500 41.2 51.6 70.7 73.0 35.1 75.7 15.3 1.6 -1.6 
504 -2.5 51.6 70.8 73.1 35.1 75.7 19:35 126 -1.6 
507 62.3 51.6 70.7 (el 35.1 eyvels 15.35 1.6 -1.6 
511 55.8 51.6 70.8 73.0 Som) pois 15.4 1.6 -1.6 
514 34.2 51.6 70.7 73.0 35.1 Toot iS 1.6 -1.6 
Siz, -41.4 51.6 70.7 73.1 35.1 oie 15.05 1.6 -1.6 
521 -38.5 51.6 70.7 73.6 34.0 Weald Leis) 1.6 -1.6 
524 -6.9 51.6 70.7 73.7 34.0 75.7 15.3 1.6 -1.6 
528 52) 51.6 70.8 73.6 34.0 75.7 15.4 1.6 -1.6 
531 26.9 51.6 70.7 73.5 35.1 fone 15.3 1.6 -1.6 
535 38.5 51.6 70.7 73.1 35.1 Tot. 1535 1.6 -1.6 
538 -34.1 51.6 70.8 73.2 S551 (alt 15.4 1.6 -1.6 
542 -28.0 51.6 70.8 73.8 34.0 Tae 15/33 1.6 -1.6 
545 8.2 51.6 70.7 73.6 34.0 Tat 15.4 1.6 -1.6 
549 Chal 51.6 70.7 73.6 34.0 75.7 15.3 1.6 -1.6 
552 49.3 51.6 70.7 73.5 Sil 75.8 15,25 1.6 -1.6 
556 63.3 51.6 70.8 73.4 35.1 ont Uses 1.6 -1.6 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392F Initial Drop Time, s: 1433 
Substance: WHO Water Initial Total Mass, “9g: 1273.5 
Target Drop Size: 400 um Average Initial Drop Mass, Hg: 12.01 
Target Air Velocity: 300 ft/min Average Initial Drop Size, mm: 301 
Target Temperature: 59 °F Ending Evaporation Time, s: 1497 
Target RH: 60 % Ending Total Mass, #9: 294.2 
Initial # of Drops: 106 Overall Evaporation Period, s: 64 
Average DSD Fiber Total Mass Loss, #9: 979.4 
Diameter in pm: 97.3 Overall Evap. Rate, ng/s: 144.4 
Test-Substance 
Density in g/mL: 1.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, #9 Temperature, °F Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min Vv Vv 
559 21.8 51.6 70.7 73.3 5 weyers 1525 1.6 “1.6 
563 42.8 51.6 70.7 73.3 35.1 75.8 15.4 1.6 -1.6 
566 -35.4 51.6 70.7 73.2 35.1 Tents 15.3 1.6 -1.6 
569 -68.8 51.6 70.8 73.7 34.0 Te aUf 15.4 126 -1.6 
573 2-5 51.6 "ADE TA 73.9 34.0 75.7 S25 1.6 “1.6 
576 21.6 51.6 70.8 73.5 34.0 eats 15.3 1.6 “1.6 
580 46.9 51.6 70.7 73.4 35.1 75.7 Se 1.6 -1.6 
583 -9.8 51.6 70.7 73.7 34.0 75.7 ees 1.6 -1.6 
587 35.8 51.6 70.7 73.6 34.0 75.6 15.4 1.6 -1.6 
590 -11.6 51.6 70.7 TAY) 34.0 Wat 15.4 1.6 -1.6 
594 -23.2 51.6 70.7 73.8 34.0 al 15.3 1.6 -1.6 
597 -33.8 ee 70.8 (al 34.0 Teyeiy 15.3 1.6 -1.6 
601 -4.4 ile 70.7 73.9 34.0 75.7 15.3 1.6 -1.6 
604 -13.7 51.6 70.7 73.6 34.0 75.7 15.3 1.6 -1.6 
608 0.6 51.5 70.7 73.4 35.1 Tot 15.3 1.6 -1.6 
611 8.9 51.6 70.7 73.4 35.1 75.8 15.3 1.6 -1.6 
615 -9.7 Silico 70.7 73.6 34.0 TIE 15.4 1.6 -1.6 
618 14.8 51.6 70.8 73.6 34.0 (alt (IE) 1.6 -1.6 
621 34.6 Sino 70.8 73.7 34.0 TEI 1533 126 -1.6 
625 -36.6 See 70.8 73.8 34.0 75.7 1525 1.6 -1.6 
628 -46.2 Seo 70.8 74.0 34.0 Tete 15.3 1.6 -1.6 
632 36.4 51.5 70.8 74.0 34.0 at qSe5 1.6 -1.6 
635 0.7 51.5 70.7 73.9 34.0 Tele, sac 1.6 -1.6 
639 -49.9 Bilao) 70.7 73.9 34.0 (eles 15.4 1.6 -1.6 
642 -22.3 Sisco 70.7 73.9 34.0 75.8 15=3 1.6 -1.6 
646 56.1 5ia5 70.8 73.7 34.0 (ele i5e5 1.6 -1.6 
649 -10.6 Sao 70.8 al 34.0 Tiel 1523 1.6 -1.6 
653 “5.9 Sila: 70.7 Tet 34.0 THIATE iSme 1.6 -1.6 
656 -13.0 Sie0) 70.8 al, 34.0 al 15.3 16 -1.6 
660 -34.4 51.5 70.7 73.9 34.0 Thoth 15.4 1.6 “1.6 
663 17.6 Silico 70.8 74.0 34.0 (esotl 15> 1.6 -1.6 
666 1.6 Sills 70.8 73.9 34.0 75.8 iS:5 1.6 -1.6 
670 6.6 Sia5 70.7 73.8 34.0 Teo 1553 1.6 -1.6 
673 2.1 51.5 70.6 74.1 33.9 75.8 15235 1.6 -1.6 
678 45.7 Sia5 70.3 73.9 33.8 Ttlets 1Sn2 1.6 -1.6 
681 13.4 51.5 70.7 1@325) 34.0 75.6 15:3 1.6 “1.6 
685 31.6 ome 70.7 73.6 34.0 Tote 15.4 26 -1.6 
688 11.3 Wee) 70.7 73.8 34.0 TATE iSine 126 -1.6 
692 -30.1 Sie 70.8 73.9 34.0 75.7 1523, 1.6 -1.6 
695 rat 5125 70.7 74.1 34.0 TRICE 15.4 1.6 -1.6 
699 Tee. 51.5 70.8 73.9 34.0 75.6 15.4 1.6 -1.6 
702 24.4 5125 70.7 73.8 34.0 itelelf 15.2 1.6 -1.6 
706 57.6 5125 70.7 73.8 34.0 TEIAE isne 1.6 -1.6 
709 47.2 51.5 70.0 73.6 33.6 TEIAT 15.3 1.6 -1.6 
713 37.8 51.5 69.9 ont 33.6 (pate 152 io -1.6 
716 36.7 Size 70.1 73.6 33.7 75.6 15.3 1.6 -1.6 
720 14.7 51.5 69.7 73.4 34.6 (INL 1555 1.6 -1.6 
723 26.1 alee) 69.8 73.5 33.5 Yiealé 155 1.6 -1.6 
726 -31.6 5159 69.8 74.1 Seb TIAL 15.4 1.6 -1.6 
730 35.4 S165 69.8 74.4 33.5 75.7 15.4 1.6 -1.6 
733 26.3 S159 69.8 73.9 33.6 (sale JAE) 1.6 -1.6 
737 -24.5 51.5 69.7 73.7 33.5 75.7 15.3 1.6 -1.6 
740 -0.5 51.5 69.8 73.6 33.5 75.7 eis) 1.6 -1.6 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392F Initial Drop Time, s: 1433 
Substance: WHO Water Initial Total Mass, ug: 1273.5 
Target Drop Size: 400 um Average Initial Drop Mass, ug: 12.01 
Target Air Velocity: 300 ft/min Average Initial Drop Size, mm: 301 
Target Temperature: 59 °F Ending Evaporation Time, s: 1497 
Target RH: 60 % Ending Total Mass, ug: 294.2 
Initial # of Drops: 106 Overall Evaporation Period, s: 64 
Average DSD Fiber Total Mass Loss, pug: 979.4 
Diameter in pm: 97.3 Overall Evap. Rate, ng/s: 144.4 
Test-Substance 
Density in g/mL: 1.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, ug Temperature, °F Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min V v 
744 -14.4 51.5 69.7 73.8 33.5 75.7 15.3 1.6 -1.6 
747 At 51.5 69.7 73.8 33.5 eratl 15:33 1.6 -1.6 
751 15.9 515 69.8 73.7 33.5 font 15.3 1.6 -1.6 
754 33.9 51.5 69.7 73.9 33.5 Teil 1523 1.6 -1.6 
758 -41.3 51.5 69.7 73.8 33.5 75.7 15.3 1.6 -1.6 
761 3.5 51.5 69.7 73.8 33.5 oat 12 1.6 -1.6 
765 66.9 51.5 69.7 73.7 33.5 75.7 15.4 1.6 -1.6 
768 59.5 Sits 69.8 73.7 33.5 75.7 S55 1.6 “1.6 
772 12.9 51.5 69.8 73.6 33.5 75.7 15.3 1.6 -1.6 
775 1.3 Size 69.8 73.8 33.5 75.7 15.4 1.6 -1.6 
778 27.6 51.5 69.7 73.9 33535 75.8 Leloe) 1.6 -1.6 
782 44.3 51.5 69.8 73.6 33.5 Ub als 1525 1.6 -1.6 
785 27.3 Sito 69.7 (EE 33.5 75.7 15.4 1.6 -1.6 
789 22.5 51:5 69.8 73.6 33.6 Wut 15.4 1.6 -1.6 
792 -9.3 51.5 69.8 73.7 33.5 IAT 15535 1.6 -1.6 
796 50.2 51.5 69.8 73.9 33.5 (nt 15.3 1.6 “1.6 
799 34.2 51:5 69.8 73.6 33.5 (at 15.4 1.6 -1.6 
803 =1557 Sic5 69.8 73.6 5355) 75.7 15.4 1.6 -1.6 
806 52.8 Sica 69.7 13.5 3325 "ate 1553 1.6 -1.6 
810 32.4 S125 69.7 73.4 34.6 TEIAU 1525) 1.6 -1.6 
813 24.4 Siz5 69.8 73.5 33.6 omit 15.4 1.6 -1.6 
817 6.9 Sig5 69.8 (at 33.5 Colelt 15.4 1.6 -1.6 
820 36.6 51.5 69.7 73.5 33.5 75.8 15.3 1.6 -1.6 
823 -49.1 Sie5 69.7 73.7 BEE 75.8 1555, 1:6 -1.6 
827 -4.6 Size 69.7 Lets 3355 (ete 1525 ee “1.6 
830 11.7 5155 69.8 73.6 33.6 75.8 i573 1.6 -1.6 
834 -20.9 51:5 69.8 TEJSU 33.5 75.8 15.4 1.6 -1.6 
837 0.3 515 69.7 73.7 5355 (3a 15-3 6 -1.6 
841 -37.6 5125: 69.8 74.0 33.6 Teatt 15.3 1.6 -1.6 
844 39.1 iho. 69.7 73.9 33.5 fom iSk2 1.6 -1.6 
848 -5.0 51.5 69.7 73.9 33.5 Usotf 15.3 1.6 -1.6 
851 -16.7 Silico 69.8 73.8 33.6 T3a0 15.4 1.6 -1.6 
855 -12.4 51:5 69.8 TRIS 33.6 TAath 15.3 1.6 “1.6 
858 -55.5 5155 69.8 73.8 33.6 font, 1525 1.6 -1.6 
862 12.8 5155 69.8 73.9 33-5) 75.8 15.4 1.6 -1.6 
865 13.8 51:5 69.7 1st 33.5 foal 1Sn2 1.6 -1.6 
868 4.7 5125 69.7 (E3sTE 33.5 (oat (piss! 1.6 “1.6 
872 Sit S125 69.8 (San 33.6 (oee 15.4 1.6 -1.6 
875 41.8 S155 69.8 73.6 33:5 (oe 15.3 1.6 -1.6 
879 2.0 5135 69.7 73.5 34.6 Te atf 15.3 1.6 -1.6 
882 22.7 51.5 69.8 Tere 34.6 eich 15.4 1.6 -1.6 
886 83.8 51.5 69.8 73.5 34.6 TeIcvE 15.4 1.6 -1.6 
889 -28.4 Sifzo 69.7 73.5 34.6 outa 15.4 1.6 -1.6 
893 -4.0 51.5 69.7 73.6 33.5 (at 15.5 1.6 -1.6 
896 48.7 Sia 69.8 73.6 33.5 ome eke 1.6 “1.6 
900 57.2 51.5 69.7 73.5 34.6 Leith 15.3 1.6 -1.6 
904 40.3 51-5 69.7 73.6 S325 75.8 15.2 1.6 -1.6 
908 -0.4 Silao 69.8 73.7 3355 75.8 15.4 1.6 -1.6 
911 20669.2 Silico 69.8 64.5 46.4 75.8 15.3 1.6 -1.6 
915 22032.6 =Hilae) 69.8 58.0 56.8 (at 15.4 1.6 -1.6 
918 21899 .2 5132 69.8 57.0 58.7 Teo 1523 1.6 -1.6 
922 21054.1 S155 69.8 Stat 56.8 (ere 15.4 1.6 -1.6 
925 21232.8 Silas 69.7 57.0 58.6 75.6 15.4 1.6 -1.6 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392F Initial Drop Time, s: 1433 
Substance: WHO Water Initial Total Mass, “9g: 127320 
Target Drop Size: 400 um Average Initial Drop Mass, #9: 12.01 
Target Air Velocity: 300 ft/min Average Initial Drop Size, um: 301 
Target Temperature: 59 °F Ending Evaporation Time, s: 1497 
Target RH: 60 % Ending Total Mass, pg: 294.2 
Initial # of Drops: 106 Overall Evaporation Period, s: 64 
Average DSD Fiber Total Mass Loss, pg: 979.4 
Diameter in pm: 97.3 Overall Evap. Rate, ng/s: 144.4 
Test-Substance 
Density in g/mL: 1.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, #9 Temperature, °F Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min V V 
929 20979.0 51.5 69.7 5725 58.7 75.6 15.4 1.6 -1.6 
932 21234.4 2h te) 69.8 56.9 58.7 75.5 15.5 1.6 -1.6 
935 21244.4 See) 69.7 57.2 58.6 75.6 15-5 1.6 -1.6 
939 21193.1 5125 69.7 Sixe 58.6 Te) 15.3 1.6 “1.6 
942 20445 .6 5125 69.8 Siee 58.7 15.5) 15.4 1.6 -1.6 
946 20672.1 5ie5 69.8 5i25 58.7 (pIGL 15.5 1.6 -1.6 
949 21304.8 Si.) 69.7 57.1 58.7 ‘pide 15.4 1.6 -1.6 
953 21102.1 ay He} 69.7 56.5 58.6 75.5 15.3 1.6 -1.6 
956 20998.5 51.5 69.7 Sian 58.7 eo 15.3 1.6 -1.6 
960 21114.6 51:5 69.8 57.1 56.7 75.6 15.4 1.6 -1.6 
963 21536.2 ai fee! 69.7 56.8 58.6 75.6 1553 <6 -1.6 
967 21056.3 Silee) 69.7 56.9 58.7 75.6 1525 1.6 -1.6 
970 21085 .9 51.5 69.7 57.1 58.7 75.6 15.4 1.6 -1.6 
974 21160.9 Bino 69.7 57.0 58.6 75.6 15.4 1.6 -1.6 
977 21183.1 5159) 69.8 57.2 58.7 75.6 155 1.6 -1.6 
980 21029.0 51.5 69.8 Sie 58.7 75.6 15.4 1.6 -1.6 
984 20929.2 51.5 69.8 57.2 58.7 Teer) 15.4 Wao -1.6 
987 21100.0 SiES 69.7 57.4 58.6 75.6 15.4 1.6 -1.6 
991 21076.0 51-9 69.7 56.8 58.6 75.6 15.4 1.6 -1.6 
994 21299.1 51.5 69.7 57.4 58.7 75.6 1523: 1.6 -1.6 
998 21056.7 51.5 69.7 Sue 58.7 TES 1Ss5 1.6 -1.6 
1001 21079.6 51.5 69.8 56.8 58.7 75.6 1535 1.6 “1.6 
1005 Zheslee 51-5 69.8 57.0 58.7 75.7 15.4 1.6 -1.6 
1008 21052.4 51-5 69.7 56.9 58.6 75.6 15.3 1.6 -1.6 
1012 21116.2 Stes 69.8 57.3 58.7 foe 15.4 1.6 “1.6 
1015 21087.5 51.5 69.7 57.1 58.7 75.6 15.4 1.6 -1.6 
1019 21334.6 Stee 69.7 56.9 58.7 75.6 15.4 1.6 -1.6 
1022 21079.1 Ege) 69.8 57.2 58.7 75.6 15.4 1.6 -1.6 
1026 21016.9 51.5 69.8 57.4 58.7 Teo) 15.4 1136 -1.6 
1029 21112.2 5125 69.7 57.0 58.7 75.6 15.4 1.6 “1.6 
1032 21186.1 Sta 69.7 56.9 58.7 ere) 15.4 1.6 -1.6 
1036 21237.2 Silo, 69.8 ice) 56.8 75.6 15.4 1.6 -1.6 
1039 21249.0 S125 69.7 Sia 58.6 75.6 ise 1.6 -1.6 
1043 21236.2 51.5 69.7 Size 58.6 (ont 15.4 1.6 -1.6 
1046 21202.5 51-5 69.8 5720 56.7) 75.6 15.3 1.6 -1.6 
1050 21228.9 S129 69.7 S7on 58.6 75.6 15.4 1.6 -1.6 
1053 21180.1 Sine 69.8 56.9 58.7 Tea) 15.4 1.6 -1.6 
1057 21299.2 Stzo 69.8 57.0 58.7 75.6 18.5 1.6 -1.6 
1060 21020.5 Siso 69.7 5fa2 58.7 (ejoe 15.4 1.6 -1.6 
1064 21082.5 51.5 69.7 57.7 56.7 75.6 15535 1.6 -1.6 
1067 21037.0 Sieo 69.8 56.9 58.7 75.6 15.4 1.6 -1.6 
1071 21178.5 5135 69.7 Size 58.6 Ue 1553) 1.6 -1.6 
1074 21202.6 Sica 69.8 57.0 58.7 75.6 15.4 1.6 -1.6 
1077 20983 .3 51.5 69.8 57.4 58.7 75.6 15.4 1.6 -1.6 
1081 21432.2 lee) 69.7 56.7 58.6 75.6 15.4 1.6 -1.6 
1084 21253.2 “Tee 69.7 57.0 58.6 (ect i5e> 1.6 -1.6 
1088 21258.6 oes 69.8 Wire 56.8 ripiale 15.4 1.6 -1.6 
1091 21044.8 Sie) 69.8 Size 58.7 75.6 15.4 1.6 -1.6 
1095 21246.6 Bae) 69.8 57.0 Sa, (lou 15.4 1.6 -1.6 
1098 21177.6 Sito 69.7 57.5 58.7 75.6 15.4 1.6 -1.6 
1101 21209.8 5125: 69.8 57.2 58.0 75.6 15.4 ol -1.6 
1105 21218.3 51.5 69.7 57.0 58.6 75.5 15-9 16 -1.6 
1108 21025 .6 51.5 69.7 Sia 58.6 Telae) Sao 1.6 -1.6 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392F Initial Drop Time, s: 1433 
Substance: WHO Water Initial Total Mass, wg: 1273.5 
Target Drop Size: 400 um Average Initial Drop Mass, ug: 12.01 
Target Air Velocity: 300 ft/min Average Initial Drop Size, mm: 301 
Target Temperature: 59 °F Ending Evaporation Time, s: 1497 
Target RH: 60 % Ending Total Mass, yg: 294.2 
Initial # of Drops: 106 Overall Evaporation Period, s: 64 
Average DSD Fiber Total Mass Loss, ug: 979.4 
Diameter in pm: 97.3 Overall Evap. Rate, ng/s: 144.4 
Test-Substance 
Density in g/ml: 1.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, pg Temperature, °F Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min V V 
1112 20981.4 51.5 69.7 57.2 58.7 75.6 15.3 1.6 -1.6 
1115 21325.3 51.5 69.8 57.2 58.7 75.6 15.4 1.6 -1.6 
1119 20937.3 Se) 69.8 57.5 58.7 75.6 15.4 1.6 -1.6 
1122 20777.2 51.5 69.7 57.8 56.7 75.6 15.3 1.6 -1.6 
1126 20770.8 Slee) 69.8 Sis 58.7 75.5 15.4 1.6 =1.6 
1130 21223 .8 Sie) 69.7 57.0 58.7 75.6 15:35 1.6 -1.6 
1134 21387.7 Lite} 69.7 57.1 58.7 fa5) 15.3 1.6 -1.6 
1137 21548.2 51.5 69.7 57.3 58.6 75.5 15.3 1.6 =41,.6 
1140 21128.5 51.5 69.7 57.4 58.6 75.5 15.3 1.6 “1.6 
1144 20851.8 S135 69.7 57.2 58.6 (hoe 15.4 1.6 -1.6 
1147 21089 .8 Sie5 69.8 Sine 58.7 fa.5 15.4 1.6 -1.6 
1151 21211.3 Si5 69.8 57.0 58.7 75.6 (5-3 1.6 -1.6 
1154 20949.0 hae) 69.7 56.9 58.6 Tae) 15.4 1.6 =1.6 
1158 21055.1 51.5 69.7 56.7 58.6 75.6 1555 1.6 -1.6 
1161 21080.9 51.5 69.7 57.6 56.7 75.6 15.3 1.6 -1.6 
1165 21443.2 51.5 69.7 56.9 58.6 Loe5 15-3 1.6 =156 
1168 21143.4 Silos 69.7 56.6 58.7 Tiovae, 15a 1.6 -1.6 
1172 20900.9 5755 69.8 57.2 58.7 75.6 15.4 1.6 -1.6 
1175 21083.8 51.6 69.7 57.0 58.6 Ue 15.4 1.6 “1.6 
1179 21358.3 BE) 69.7 57.0 58.6 ipsige, {S235 1.6 “1.6 
1182 20769.2 SiS 69.8 Sian 58.7 jee 1529 ine “1.6 
1186 20930.4 Wise, 69.7 Sys 58.6 75.6 15.4 1.6 hye) 
1189 21173.3 51.5 69.7 57.1 58.7 75.6 15.4 16 -1.6 
1192 20996 .0 51.6 69.7 56.9 58.6 75.6 15.4 1.6 -1.6 
1196 20853.8 5:5 69.7 Sie 58.6 75.5 15.4 1.6 -1.6 
1199 21201.5 S1c5 69.8 Sin 58.7 Tae) 15.3 1.6 -1.6 
1203 21271.8 Shoe) 69.8 57.1 58.7 Tene) 1553 1.6 -1.6 
1206 211327 51.5 69.8 57.3 58.7 75.6 1523 1.6 -1.6 
1210 21030.3 51.5 69.8 57.0 58.7 (5 See) 1.6 -1.6 
1213 21027.7 Sis) 69.4 57.0 58.4 (ae 1525 1.6 -1.6 
1217 21193.4 Sites 69.3 ee 58.3 75.5 15.4 1.6 -1.6 
1220 21578.0 51.5 69.3 56.6 58.3 fas> 15.4 1.6 “1.6 
1224 21052.1 Sino 68.7 56.8 57.8 75.6 15.4 1.6 -1.6 
1227 20875 .4 Ey oe} 68.7 57.0 57.8 75.6 15.4 1.6 -1.6 
1231 20932.1 51.5 68.7 Sie 55.9 Tvs iSe5) 1.6 -1.6 
1234 21076.6 51:5 68.7 56.5 57.8 75.6 io 1.6 -1.6 
1237 21517.0 51.5 68.7 57.0 57.8 (5 1575 1.6 -1.6 
1241 21457.0 5155 68.8 56.7 57.9 (oo 15.3 1.6 “1.6 
1244 21303.1 51.5 68.7 56.7 57.8 foe 15.4 1.6 -1.6 
1248 21311.7 Shee! 68.7 57.0 57.8 73.5 15.4 1.6 “1.6 
1251 21444 .0 EH ee, 68.7 56.9 57.8 75.6 15,5 1.6 -1.6 
1255 20671.9 51-5 68.8 57.6 55.9 Tie) 15.4 1.6 -1.6 
1258 21018.9 51.5 68.7 57.2 57.8 75.6 15.4 1.6 -1.6 
1262 21409.5 Sits 68.8 56.9 57.9 (eae: 15.5 1.6 -1.6 
1265 21242.0 5125 68.7 56.8 57.8 75.6 15.4 1.6 -1.6 
1269 21109.7 51.5 68.7 56.5 57.8 75.6 152.5 1.6 -1.6 
1272 21081.6 51.5 68.8 56.8 57.9 75.4 15.4 1.6 -1.6 
1276 21262.9 51.5 68.8 56.8 57.9 The ens 1.6 -1.6 
1279 21160.5 S15 68.7 56.8 57.8 per) 15.4 1.6 -1.6 
1283 20974 .0 51.5 68.8 56.9 57.9 75.6 15.4 1.6 -1.6 
1286 20806.1 51.6 68.7 S725 57.8 75.6 15.4 els) -1.6 
1289 21018.7 Sileo 68.7 56.7 57.8 Tene, “elae) whats) -1.6 
1293 21268.5 Moe, 68.7 56.7 57.8 (eye) 1525 1.6 -1.6 
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Project 6819.7 -- Droplet-Evaporation Test Results 


Test Number: 110392F Initial Drop Time, s: 1433 
Substance: WHO Water Initial Total Mass, pug: 1273.5 
Target Drop Size: 400 um Average Initial Drop Mass, ug: 12.01 
Target Air Velocity: 300 ft/min Average Initial Drop Size, um: 301 
Target Temperature: 59 °F Ending Evaporation Time, s: 1497 
Target RH: 60% Ending Total Mass, ug: 294.2 
Initial # of Drops: 106 Overall Evaporation Period, s: 64 
Average DSD Fiber Total Mass Loss, #9: 979.4 
Diameter in um: 97.3 Overall Evap. Rate, ng/s: 144.4 
Test-Substance 
Density in g/ml: 1.00 
Calculated Photo Spray 
Elapsed Meter Drop Switch Switch 
Time, Microbalance Meter Relative Drop Relative Microbalance Flow Voltage, Voltage, 
sec Mass, 29 Temperature, °F Humidity, % Temperature, °F Humidity, % Temperature, °F Rate, L/min V v 
1296 21096.4 51.5 68.8 56.7 57.9 ibe 15.4 1.6 -1.6 
1300 21144.4 51.5 68.8 57.2 57.9 (ele: 15.4 1.6 “1.6 
1303 21256.1 51.5 68.7 57.2 57.8 75.6 155 1.6 -1.6 
1307 otis 51.5 68.8 57.0 57.9 75.6 eles) 1.6 -1.6 
1310 21093 .5 51.6 68.7 57.1 57.8 Thelon) 15.4 1.6 “1.6 
1314 20979 .6 S125 68.7 57.0 57.8 itetee) 15.4 1.6 “1.6 
1317 21034 .6 S125 68.8 56.8 57.9 D> 15.4 1.6 -1.6 
1321 20844 .3 51.6 68.7 56.9 57.8 (ele) 15.4 1.6 -1.6 
1329 -6.1 Sits) 68.7 57.2 57.8 75.6 15.4 1.6 -1.6 
1332 -6.6 Sie) 68.8 61.9 48.9 75.6 15.4 1.6 -1.6 
1336 =fel Sitio 68.7 fee 57.8 75.5 15%5 1.6 -1.6 
1339 -7.4 5175 68.8 Sie 57.9 itexor} 15.4 1.6 -1.6 
1343 -7.6 51.5 68.7 56.8 57.8 75.5 15.4 1.6 “1.6 
1346 -f.2 51.6 68.7 56.7 57.8 Tes) 15°55 1.6 -1.6 
1350 -6.5 51.5 68.7 57.2 57.8 75.6 15.3 1.6 “1.6 
1354 -7.4 ahi bbe 68.7 57.1 57.8 Teo 15.4 1.6 “1.6 
1358 oY OY 4 51.5 68.8 57.0 57.9 Teor) 15.4 1.6 -1.6 
1362 -7.3 51.5 68.7 58.2 55.9 13.5 15.4 1.6 -1.6 
1365 -6.3 Soe) 68.8 58.3 56.0 75.6 159 1.6 =1.6 
1369 -5.1 51.5 68.8 57.7 55.9 75.6 15.3 1.6 -1.6 
1372 -6.0 eas 68.8 57.7 56.0 75.6 15.3 1.6 -1.6 
1376 -6.2 51.6 68.8 61.1 50.6 Tee) ISS 1.6 “1.6 
1380 -6.6 51.5 68.8 70.7 36.4 De> 15.3 1.6 -1.6 
1383 -6.8 51.6 68.7 73.4 34.1 Teer) isine 1.6 -1.6 
1387 -6.6 51.6 67.7 74.6 31.6 75.6 15.3 1.6 -0.0 
1390 -7.6 51.6 67.7 Toe 31.6 75.6 15.4 1.6 -0.0 
1394 Bets 51.6 67.8 75.7 30.6 (Bate 15.4 1.6 -0.0 
1398 -6.6 51.6 67.8 74.5 31.6 (atl 15.4 1.6 -0.0 
1401 -6.8 S15 67.8 74.8 31.6 ielatd 1535 1.6 -1.6 
1405 -6.6 51.6 67.7 73.9 32.6 Tedatt isa 1.6 -1.6 
1408 -6.7 515 67.8 74.8 31.6 TIGL 1525 1.6 -1.6 
1412 -6.5 51.6 68.0 Tia) SYST / telat 15.4 1.6 -1.6 
1415 -6.2 51.6 67.8 73.6 32.6 75.8 1S. 1.6 -1.6 
1419 -7.0 51.6 68.5 73.9 32.9 Telors 15.4 1.6 -1.6 
1423 -6.1 Silo 67.8 74.6 31.6 75.8 15.4 1.6 -1.6 
1426 -6.6 51.6 68.6 73.5 33.0 75.8 15.4 1.6 -1.6 
1430 1262.3 51.6 68.7 7%4.1 33.0 Tore AS.3 1.6 -1.6 
1433 1273.5 51.6 68.8 73.1 34.1 75.8 1523) -0.0 -1.6 
1437 1263.5 51.6 68.8 72.2 35.2 75.8 15.3 -0.0 -1.6 
1440 1255.7 51.5 68.7 71.3 36.3 75.8 15.5 16 -1.6 
1444 22519.8 51.5: 68.8 63.6 45.7 75.8 1iSe> 1.6 -1.6 
1448 24244.1 Sito 68.5 56.6 57.6 75.8 15.2 1.6 -1.6 
1451 23780.6 51.5 68.8 55.8 59.8 75.7 15.4 1.6 -1.6 
1455 23751.8 51.5 68.7 56.2 59.7 olet, 15.4 1.6 “1.6 
1458 23197.2 51.6 68.7 55.8 59.8 75.7 15.3 1.6 -1.6 
1462 23165.4 51.6 68.7 55.6 59.8 75.6 15.4 1.6 -1.6 
1465 22903 .7 lee) 68.8 55.6 59.8 155 15.4 Nets -1.6 
1469 22566.3 517.5 68.7 55.6 59.8 75.6 Ves) 1.6 "1.6 
1472 22494 .5 51.5 68.8 55.4 61.9 75.6 15.4 26 -1.6 
1476 21881.0 515 68.8 56.5 59.8 75.5 15.3 1.6 -1.6 
1480 22274.7 51.5 68.7 SPIES) 59.7 75.6 15.3 156 71.6 
1483 22294 .9 51.5 68.8 55.7 59.8 75.6 15.4 1.6 -1.6 
1487 21479.9 ile 68.7 56.4 57.8 Telos: 15.4 1.6 -1.6 
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Test Number: 
Substance: 

Target Drop Size: 
Target Air Velocity: 
Target Temperature: 
Target RH: 

Initial # of Drops: 
Average DSD Fiber 
Diameter in um: 
Test-Substance 
Density in g/mL: 


Project 6819.7 -- Droplet-Evaporation Test Results 


Initial Drop Time, s: 

Initial Total Mass, ug: 
Average Initial Drop Mass, yg: 
Average Initial Drop Size, um: 
Ending Evaporation Time, s: 
Ending Total Mass, ug: 

Overall Evaporation Period, s: 
Total Mass Loss, ug: 

Overall Evap. Rate, ng/s: 


1433 
1273.5 
12.01 
301 
1497 
294.2 


979.4 
144.4 


ee a ee ee ee ee ee RID ae SOR RO RAS OMS Ae aa aS AS NSO SOS CSS SS CAPS DMS SSDS SSO OO ENS Se ee eee eS eee ee OO Ee ee 


110392F 
WHO Water 
400 um 
300 ft/min 
59 °F 
60 % 
106 
97.3 
1.00 
Meter 


Flow 
Rate, L/min 


Switch 


Voltage, 
V 


Spray 
Switch 
Voltage, 
V 


eee eae a ele te a ae a Oe Daa Bins Dice ACCS Seed CAS pcan a alas wialsialsele |e ome e a a6 O08 8 MS a am Se OS kOe CSS S OSS SSS Swen ee Oe eS Se ee eR ee ee re ee ee 


Elapsed 
Time, Microbalance 
sec Mass, ug 
1490 4020.2 
1494 370.5 
1497 294.2 
1501 292.5 
1505 -5.8 
1508 “6.9 
1512 -7.3 
1515 -6.5 
1519 =6.2 
1522 -6.8 
1526 “6.9 
1530 -6.7 
1533 -6.6 
1537 -7.5 
1540 -6.5 
1544 =6.5 
1547 Tice) 
1551 -6.1 
1554 -6.3 
1558 -6.6 
1562 -6.8 
1565 cilia 
1569 -7.1 
1572 =n 
1576 =7.9 
1579 -7.0 


os 
A PEE Oe he ee en ee ee es se eae et ee 
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Averages: 


Calculated 
Meter Drop 
Relative Drop Relative Microbalance 
Humidity, % Temperature, °F Humidity, % Temperature, °F 
68.8 65.3 44.2 75.6 
68.8 69.0 38.7 (pice) 
68.8 69.4 38.7 75.6 
67.8 70.3 37.0 Teall 
67.8 70.0 37.0 (eare 
67.8 70.0 37.0 iglati 
67.8 70.5 37.0 TRISTE 
67.8 69.9 37.0 75.8 
67.7 69.7 36.9 75.8 
67.7 70.0 36.9 otet 
67.8 69.9 37.0 75.7 
67.7 69.9 36.9 TE Sth 
67.8 70.1 37.0 75.8 
67.7 70.0 36.9 Hote 
67.8 70.0 37.0 75.8 
67.8 70.0 37.0 75.8 
Oiiat 70.2 36.9 (th 
67.9 70.4 37.0 (eid) 
67.7 70.6 35.8 75.8 
68.0 70.6 35.9 75.8 
67.8 70.7 35.8 75.8 
67.8 70.9 35.8 75.8 
67.7 TAs) 35.8 Teall 
67.8 71.2 35.8 75.8 
67.7 70.9 35.8 75.8 
67.7 TAIGE) 35.8 75.8 
70.4 64.4 47.8 75.6 
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APPENDIX D 


TABULATED RESULTS OF THE DROPLET-EVAPORATION TESTS 


ay 3 
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Table D—1. Results of Droplet—Evaporation Tests (Page 1 of 10) 


Overall 


Target Target Average 
Target Drop Relative Air Drop Evaporation 
Test Test Temperature,? Size, Humidity,” Velocity, Size, Rate, 

Substance Number oF yum % ft/min Comments pm ng/s 

WHO water 091092D Ambient (80) 100 Ambient (71) 0 211 38.0 
WHO water 091092E Ambient (79) | 100 Ambient (70) 0 215 24.4 
WHO water 091192A 77 ~—- 100 30 30 195 48.2 
WHO water 091192B 77 ~—: 100 30 30 200 60.8 
WHO water 091192G i OO 30 40 206 83.0 
WHO water 091492A 77 ~=—- 100 30 40 202 82.0 
WHO water 091592A 77 ~—: 100 30 50 200 78.8 
WHO water 091592B 77 ~=—- 100 30 50 192 778 
WHO water 091192C 77 ~—« 100 60 30 184 41.0 
WHO water 091192D 77 ~—« 100 60 30 194 55.2 
WHO water 091492B 77 ~—«: 100 60 40 213 91.1 
WHO water 091492C 77 ~—«100 60 40 198 74.1 
WHO water 091592C 77~—«: 100 60 50 202 Ys 
WHO water 091592D 77~—«: 100 60 50 191 72.4 
WHO water 091192E 77 ~—- 100 90 30 206 38.7 
WHO water 091192F 77 ~=—«:100 90 30 208 52.8 
WHO water 091492D (OO 90 40 191 33.2 
WHO water 091492E OO 90 40 182 16.4 
WHO water 091592F 77 ~—«100 90 50 175 35.3 
WHO water 091592G (OO 90 50 185 25.6 
WHO water 073092A  Ambient(78) 250 Ambient (78) 0 238 15.3 
WHO water 073092B Ambient (78) 250 Ambient (77) 0 269 28.8 
WHO water 073092C 77 ~=— 250 30 125 243 188.3 
WHO water 073092D 77~=—250 30 125 236 149.8 
WHO water 073192A 77 = 280 30 125 234 116.5 
WHO water 090192A 77 250 30 150 274 196.5 
WHO water 090192B it coO 30 150 278 220.8 
WHO water 090192C 77 ~=— 250 30 150 276 204.3 
WHO water 090392A 1a 2") 30 175 266 180.6 
WHO water 090392B 77 ~=— 250 30 175 272 173.8 
WHO water 090392C 77 ~=—. 280 30 175 279 213.0 









' 


(OC © | ega% omeT MotsIoger~ImigeIe fo euaeH .t-~CetdeT 


 O autevA, as; faye re See 
reaagoges =| ont ~*~ weet = =— gad tegtaT 
og odd nim “Syhie wie “SontieeginoT fant 





oat 1% 8 (maid OOF = (OSf ruin eg 

eae ars a (rymnekina wt — T meromnA 
Sa a oe 6 oor 6 

am OE ee ae or | Ot 

Gib as, a ag Or Wi. 

628 $s o ot wr OT 

Bet . w “« or oT 

at a oe et oor. xy 

om Me of 0s rosy 

gee ey a. on or UT 

bis ers tm 03 or 

ray sar o> 08 eS 

sy os oe oa Oni st 

oar rer = (@e (or WwW 

ae ~~ i oF Cx! aX 

asa 2 . 4 oe wi ‘x 

set rer Oo ad or OW 

aor gar ub ® wrUW 

2 ev np * oor St 

3.25 ear ae the oo 

eat act ¢ (WY owMimA 9S (TYP ehimnA 
bas cod 0 eo 
a.88! tes at |e oe OT 

agar 3et st oe oS 

a ; ete cas. 

aaet ie oer oe wes WV 

aos cat we 

agar er te Tr 

ety NS evr ve os x 
: a a OT 





aT 


Table D—1. Results of Droplet—Evaporation Tests (Page 2 of 10) 


a eS ne 


Target Target Average Overall 
Target Drop Relative Air Drop Evaporation 
Test Test Temperature,? Size, Humidity,° Velocity, Size, Rate, 

Substance Number de pm % ft/min Comments pm ng/s 

WHO water 073192B 7 250 60 125 237 133.5 
WHO water 073192D 77 ~=— 250 60 125 226 101.2 
WHO water 082592A 77 250 60 125 267 147.4 
WHO water 082592B 77 250 60 125 265 125.4 
WHO water 082592C 77 ~=—-250 60 125 254 132.4 
WHO water 090192D 77 250 60 150 260 157.9 
WHO water 090192E 77 250 60 150 281 173.1 
WHO water 090192F 7 250 60 150 293 202.6 
WHO water 090392D 7 250 60 175 260 149.6 
WHO water 090392E 77 250 60 175 273 143.9 
WHO water 090492A 77 ~=—250 60 175 266 165.9 
WHO water 073192E 77 250 90 125 279 141.5 
WHO water 082692B 77 250 90 125 276 76.9 
WHO water 083192A 77 250 90 125 244 52.3 
WHO water 083192B 7% 250 90 125 245 60.7 
WHO water 083192C Ths 250 90 125 254 55.0 
WHO water 090192G 77 250 90 150 Low initial mass 234 97.4 
WHO water 090292A tHe 250 90 150 270 53.0 
WHO water 090292B 77 ~=3=—s 250 90 150 277 76.1 
WHO water 090292C 77 250 90 150 283 71.3 
WHO water 090292D 77 250 90 175 260 86.5 
WHO water 090292F ii 250 90 175 263 68.7 
WHO water 090292G 77 250 90 175 276 70.5 
WHO water 091092F Ambient (80) 400 Ambient (72) 0 292 17.6 
WHO water 091092G Ambient (80) 400 Ambient (72) 0 288 17.9 
WHO water 090492B 77 ~=—400 30 200 323 294.3 
WHO water 090492C 77 ~=©400 30 200 311 231.5 
WHO water 090492F 77 ~=—©400 30 250 304 253.5 
WHO water 090492G 77 ~=— 400 30 250 307 261.4 
WHO water 090992C 77 ~=—400 30 300 294 245.1 
WHO water 090992D 77 400 30 300 293 248.3 
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Table D—-1. Results of Droplet—Evaporation Tests (Page 3 of 10) 


Target Target Average Overall 
Target Drop Relative Air Drop Evaporation 
Test Test | Temperature, Size, Humidity,° Velocity, Size, Rate, 

Substance Number de pm % ft/min Comments pm ng/s 

WHO water 090492D 77 ~=— 400 60 200 308 171.3 
WHO water 090492E 77 ~=— 400 60 200 315 202.7 
WHO water 090992A 77 ~=—- 400 60 250 301 166.8 
WHO water 090992B 77 ~=— 400 60 250 301 158.3 
WHO water 090992E 77 ~=— 400 60 300 299 178.0 
WHO water 090992F 77 ~=—- 400 60 300 289 170.7 
WHO water 090892A 77 ~=—- 400 90 200 300 97.8 
WHO water 090892B 77 ~=—- 400 90 200 309 92.4 
WHO water 090892C 77 ~=— 400 90 250 292 107.5 
WHO water 090892D 77 ~=— 400 90 250 297 91.0 
WHO water 091092A 77 ~=—-400 90 300 Questionable test 302 102.5 
WHO water 091092B 77 ~=— 400 90 300 306 113.4 
WHO water 091092C 77 ~=— 400 90 300 301 112.4 
WHO water 092492A Ambient (94) 250 Ambient (34) 0 247 47.6 
WHO water 092492B Ambient (94) 250 Ambient (32) 0 238 37.5 
WHO water 092492C 104 250 30 125 276 229.1 
WHO water 092492D 104 250 30 125 252 189.2 
WHO water 092992D 104 250 30 150 234 184.4 
WHO water 092992E 104 250 30 150 240 We 
WHO water 093092D 104 250 30 175 247 215.0 
WHO water 093092E 104 250 30 175 232 199.6 
WHO water 092492E 104 250 60 125 243 179.9 
WHO water 092492F 104 250 60 125 Questionable test 247 138.3 
WHO water 092992A 104 250 60 125 258 170.7 
WHO water 092992F 104 250 60 150 231 102.6 
WHO water 092992G 104 250 60 150 233 144.7 
WHO water 100292A 104 250 60 175 228 133.0 
WHO water 100292B 104 250 60 175 242 156.8 
WHO water 092992B 104 250 90 . 125 246 68.4 
WHO water 092992C 104 250 90 125 231 Tine 
WHO water 093092A 104 250 90 150 250 100.7 
WHO water 093092B 104 250 90 150 238 111.3 
WHO water 100792A 104 250 90 175 237 101.6 
WHO water 100792B 104 250 90 175 237 134.4 
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Table D—1. Results of Droplet—Evaporation Tests (Page 4 of 10) 


Target Target Average Overall 
Target Drop Relative Air Drop Evaporation 
Test Test | Temperature,? Size, Humidity,” Velocity, Size, Rate, 

Substance Number “We um % ft/min Comments um ng/s 

WHO water 100292C Ambient (96) 400 Ambient (36) 0 255 417 
WHO water 100292D Ambient (95) 400 Ambient (37) 0 277 55.5 
WHO water 100992A 104 400 30 200 250 229.2 
WHO water 100992B 104 400 30 200 275 287.9 
WHO water 101292A 104 400 30 250 267 282.2 
WHO water 101292B 104 400 30 250 256 215.9 
WHO water 101392A 104 400 30 300 261 2215 
WHO water 101392C 104 400 30 300 262 253.2 
WHO water 100992C 104 400 60 200 264 207.3 
WHO water 100992D 104 400 60 200 276 186.9 
WHO water 101292C 104 400 60 250 244 188.9 
WHO water 101292D 104 400 60 250 271 220.7 
WHO water 101392D 104 400 60 300 276 227.2 
WHO water 101392E 104 400 60 300 280 220.9 
WHO water 100992E 104 400 90 200 264 107.7 
WHO water 100992F 104 400 90 200 265 109.3 
WHO water 101292E 104 400 90 250 277 120.5 
WHO water 101292F 104 400 90 250 254 96.2 
WHO water 101392F 104 400 90 300 268 122.6 
WHO water 101392G 104 400 90 300 261. 129.1 
WHO water 110492B Ambient (74) 100 Ambient (62) 0 192 13.0 
WHO water 110492C Ambient (74) 100 Ambient (58) 0 195 16.6 
WHO water 110492D 59 100 30 40 Low initial mass 172 30.8 
WHO water 110492E 59 100 30 — 40 190 64.1 
WHO water 110492F 59 100 30 40 Low initial mass 173 37.2 
WHO water 110592A 59 100 30 40 175 68.3 
WHO water 110592E 59 100 30 50 189 88.1 
WHO water 110592F 59 100 30 50 182 52.4 
WHO water 110592B 59 100 60 40 Low initial mass 165 38.0 
WHO water 110592C 59 100 60 40 Low initial mass 168 48.0 
WHO water 110692A 59 100 60 50 200 54.1 
WHO water 110692B 59 100 60 50 179 38.6 
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Table D—1. Results of Droplet—Evaporation Tests (Page 5 of 10) 


ee 


Target Target Average Overall 
Target Drop Relative Air Drop Evaporation 
Test Test Temperature? Size, Humidity,° Velocity, Size, Rate, 

Substance Number 42 pm % ft/min Comments pm ng/s 

WHO water 102692A Ambient (80) 250 Ambient (36) 0 229 36.3 
WHO water 102692B Ambient (80) 250 Ambient (37) 0 252 38.8 
WHO water 102792D Ambient (78) 250 Ambient (44) 0 263 29.4 
WHO water 102792E Ambient (78) 250 Ambient (48) 0 262 30.2 
WHO water 102792B 59 250 30 125 276 129.6 
WHO water 102792C 59 250 30 125 257 135.4 
WHO water 102892C 59 250 30 150 Questionable test 251 122.9 
WHO water 102892D 59 250 30 150 262 123.7 
WHO water 102892F 59 250 30 150 253 120.1 
WHO water 102992D 59 250 30 175 251 116.5 
WHO water 102992E 59 250 30 175 252 109.0 
WHO water 102892A - 59 250 60 125 243 60.4 
WHO water 102892B 59 250 60 125 242 69.8 
WHO water 102992A 59 250 60 150 260 89.8 
WHO water 102992B 59 250 60 150 246 83.2 
WHO water 102992F 59 250 60 175 Questionable test ? 261 97.1 
WHO water 102992G of) 250 60 175 Questionable test 247 65.1 
WHO water 103092A 59 250 60 175 272 92.6 
WHO water 103092B 59 250 60 175 247 83.4 
WHO water 110392G Ambient (74) 400 Ambient (52) 0 Low initial mass 272 25.2 
WHO water 110392H Ambient (75) 400 Ambient (54) 0 293 232 
WHO water 110492A Ambient (73) 400 Ambient (62) 0 311 19.8 
WHO water 103092C 59 400 30 200 313 177.6 
WHO water 103092D 59 400 30 200 318 151.4 
WHO water 110292A 59 400 30 250 289 169.9 
WHO water 110292B 59 400 30 250 296 Nigites 
WHO water 110392A 59 400 30 300 323 234.9 
WHO water 110392B 59 400 30 300 Low initial mass ? 282 135.0 
WHO water 110392C 59 400 30 300 Questionable test 315 185.5 
WHO water 110392D 59 400 30 300 318 186.2 
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Table D—1. Results of Droplet—Evaporation Tests (Page 6 of 10) 


Test 
Number 


Target 
Relative 
Humidity,> 
% 


Air 


ft/min 


Velocity, 


Comments 


Average 
Drop 
Size, 

pum 


Overall 
Evaporation 
Rate, 
ng/s 


De Subsiance = Number pm oo 


WHO water 
WHO water 
WHO water 
WHO water 
WHO water 
WHO water 
Sulfur 6L/\WHO water® 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/(WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/(WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/(WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 
Sulfur 6L/WHO water 


103092E 
103092F 
110292C 
110292D 
110392E 
110392F 
120292A 
120292B 
120192E 
120192F 
120292C 
120292D 
120292E 
120292F 
112492B 
112492C 
112492D 
112492E 
112492F 
112492G 
112592A 
112592B 
112592C 
112592D 
112592E 
113092A 
113092B 
113092C 
113092D 
113092E 
120192A 
120192B 
120192C 
120192D 


Target 
Target Drop 
Temperature? Size, 
GE pum 

59 400 

59 400 

59 400 

59 400 

59 400 

59 400 

Ambient (74) 100 
Ambient (75) 100 
77 ~=—: 100 

77 ~=—- 100 

77 ~—: 100 

77 ~—«: 100 

77 ~—« 100 

77 ~—«- 100 

Ambient (78) 250 
Ambient (80) 250 
Ambient (80) 250 
a 200 

77 ~=—.250 

Ti e200 

7 250 

77 ~=— 250 

77 ~=— 250 

Ambient (80) 400 
Ambient (80) 400 
77 ~=— 400 

77 ~=— 400 

77 ~=—- 400 

77 400 

77 ~=— 400 

77 ~=—- 400 

77 ~=—- 400 

77 ~=— 400 

77 ~=— 400 


60 
60 
60 
60 
60 
60 
Ambient (23) 
Ambient (21) 
30 
30 
60 
60 
90 
90 
Ambient (41) 
Ambient (42) 
Ambient (42) 
30 
30 
60 
60 
90 
90 
Ambient (36) 
Ambient (36) 
30 
30 
30 
30 
30 
60 
60 
90 
90 


200 
200 Low initial mass ? 
250 
250 
300 
300 
0 
0 
40 
40 
40 
40 
40 
40 
0 Questionable test 
0 
0 
150 
150 
150 
150 
150 
150 
0 
0 
250 Low initial mass 
250 Low initial mass 
250 High initial mass 
250 
250 
250 
250 
250 
250 


318 
278 
311 
305 
308 
301 
246 
212 
248 
220 
209 
235 
232 
252 
317 
292 
303 
314 
306 
282 
325 
302 
315 
350 
358 
327 
326 
395 
359 
347 
347 
364 
356 
342 


127.6 
103.0 
142.6 
165.0 
113.1 
144.4 
32.1 
22.3 
90.7 
71.0 
51.9 
83.7 
34.4 
46.2 
42.5 
447 
40.7 
227.9 
251.8 
145.5 
229.6 
101.7 
101.6 
50.2 
51.6 
289.7 
277.7 
389.0 
395.0 
337.4 
277.1 
350.4 
150.7 
145.2 
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Table D—1. Results of Droplet—Evaporation Tests (Page 7 of 10) 


Target Target Average Overall 
Target Drop Relative Air Drop Evaporation 
Test Test Temperature,? Size, Humidity,> Velocity, Size, Rate, 
Substance Number 48 pm % ft/min Comments pm ng/s 
Sulfur 6L/WHO water 121792A Ambient (95) 250 Ambient (15) 0 317 86.1 
Sulfur 6L/WHO water 121792B Ambient (96) 250 Ambient (13) 0 290 65.2 
Sulfur 6L/WHO water 121792D 104 250 30 150 314 402.8 
Sulfur 6L/WHO water 9 121792E 104 250 30 150 307 267.6 
Sulfur 6L/WHO water 121892A 104 250 60 150 317 275.0 
Sulfur 6L/WHO water 121892B 104 250 60 150 280 125.6 
Sulfur 6L/WHO water 122392D 104 250 90 150 309 113.8 
Sulfur 6L/WHO water 122392E 104 250 90 150 334 141.1 
Sulfur 6L/WHO water 122192A Ambient (93) 400 Ambient (22) 0 Questionable test 389 79.8 
Sulfur 6L/WHO water 1221928 Ambient (93) 400 Ambient (22) 0 356 71.4 
Sulfur 6BL(WHO water 122192C Ambient (93) 400 Ambient (23) 0 370 76.9 
Sulfur 6L/WHO water 122292A 104 400 30 250 335 406.5 
Sulfur 6L/WHO water 122292B 104 400 30 250 381 495.1 
Sulfur 6L/(WHO water 122292C 104 400 60 250 Low initial mass 346 420.1 
Sulfur 6L/WHO water 122292E 104 400 60 250 359 428.6 
Sulfur 6L/WHO water 122292F 104 400 60 250 356 348.9 
Sulfur 6L/WHO water 122392B 104 400 90 250 350 235.7 
Sulfur 6L/WHO water 122392C 104 400 90 250 357 191.2 
Sulfur 6L/WHO water 120392A Ambient (71) 100 Ambient (19) 0 High initial mass 266 45.6 
Sulfur 6L/WHO water 120392B Ambient (72) 100 Ambient (19) 0 235 32.6 
Sulfur 6L/WHO water 120392C Ambient (70) 100 Ambient (15) 0 227 29.2 
Sulfur 6L/WHO water 120392D 59 100 30 40 219 48.8 
Sulfur 6L/WHO water 120392F 59 100 30 40 222 57.4 
Sulfur 6L/WHO water 120392G 59 100 60 40 229 37.5 
Sulfur 6L/WHO water 120492A 59 100 60 40 High initial mass 259 49.2 
Sulfur 6L/WHO water 121092C 59 100 60 40 223 37.5 
Sulfur 6L/WHO water 120492B Ambient (71) 250 Ambient (41) 0 Low initial mass 284 37.1 
Sulfur 6L/WHO water 120492C Ambient (71) 250 Ambient (45) 0 High initial mass 339 46.0 
Sulfur 6L/WHO water 120492D Ambient (72) | 250 Ambient (44) 0 316 45.6 
Sulfur 6L/WHO water 120792A Ambient (66) 250 Ambient (38) 0 High initial mass ? 319 50.5 
Sulfur 6L/WHO water 120892B Ambient (69) 250 Ambient (27) 0 306 61.2 
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Table D—1. Results of Droplet—Evaporation Tests (Page 8 of 10) 


Av Overall 


Target Target erage 
Target Drop Relative Air Drop Evaporation 
Test Test Temperature,? Size, Humidity, Velocity, Size, Rate, 
Substance Number oF pm % ft/min Comments pm ng/s 
Sulfur 6L/(WHO water 120892C 59 250 30 150 319 207.9 
Sulfur 6L/(WHO water 120892D 59 250 30 150 319 Ala 
Sulfur 6L/WHO water 120892E 59 250 60 150 303 132.2 
Sulfur 6L\WHO water 120892F 59 250 60 150 303 142.4 
Sulfur 6L/WHO water 120792B Ambient (67) 400 Ambient (38) 0 Low initial mass 328 476 
Sulfur 6L/WHO water 120792C Ambient (67) 400 Ambient (37) 0 348 47.9 
Sulfur 6L(WHO water 120892A Ambient (68) | 400 Ambient (28) 0 354 54.3 
Sulfur 6L/WHO water 120992A 59 400 30 250 358 347.0 
Sulfur 6L/WHO water 120992B 59 400 30 250 363 340.5 
Sulfur 6L/\WHO water 120992C 59 400 60 250 348 178.7 
Sulfur BL(WHO water 121092B 59 400 60 250 344 209.9 
Thuricide/water4 011593E | Ambient (73) 100 Ambient (28) 0 210 19.5 
Thuricide/water 011593F Ambient (74) | 100 Ambient (27) 0 210 21.2 
Thuricide/water 011893A 77 ~—«100 30 40 Questionable test ? 201 58.0 
Thuricide/water 011893B iaOO 30 40 229 81.2 
Thuricide/water 011893C 7 (an OO 30 40 213 55.8 
Thuricide/water 011893D 77~—«*100 60 40 210 36.2 
Thuricide/water 011893E 77 ~—« 100 60 40 204 32.0 
Thuricide/water 011593G 77~—S«100 90 40 194 2.6 
Thuricide/water 011593H LOO 90 40 Zita 8.9 
Thuricide/water 011293A Ambient (76) 250 Ambient (34) 0 307 34.4 
Thuricide/water 011293C  Ambient(77) 250 Ambient (43) 0 301 35.8 
Thuricide/water 011293D 77 ~=— 280 30 150 296 208.4 
Thuricide/water 011293E 77 ~=—250 30 150 283 172.4 
Thuricide/water 011293F 77 ~=—- 250 60 150 282 i ere 
Thuricide/water 011293G 77 ~=—s250 60 150 297 126.9 
Thuricide/water 011393A 77 ~=—s 250 90 150 294 79.3 
Thuricide/water 011393C Tap asd, 90 150 Questionable test 281 54.4 
Thuricide/water 011393D Vile OU 90 150 298 62.1 
Thuricide/water 011393E Ambient (79) 400 Ambient (28) 0 353 54.7 
Thuricide/water 011393F Ambient (79) 400 Ambient (24) 0 343 50.7 
Thuricide/water 011393G 77 ~=— 400 30 250 358 287.1 
Thuricide/water 011393H 77 ~=— 400 30 250 342 241.8 
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Test 
Substance 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 
Thuricide/water 


Table D—1. Results of Droplet—Evaporation Tests (Page 9 of 10) 


Test 
Number 
011493B 
011493E 
011593B 
011593D 
010693A 
010693D 
010793A 
010793B 
010793C 
010793F 
010793G 
011193B 
011193C 
010693C 
010793H 
010893A 
010893B 
010893C 
010893E 
010893F 
010893H 
010893! 
011993A 
011993B 
011993C 
011993D 
011993E 
011993F 
011993G 
012293A 
012293B 
012293C 
012293D 


Target 
Target Drop 
Temperature,? Size, 
ot um 
77 ~=—- 400 
77 ~=400 
77 ~=— 400 
77 ~=— 400 
Ambient (94) 250 
Ambient (94) 250 
Ambient (92) 250 
104 250 
104 250 
104 250 
104 250 
104 250 
104 250 
Ambient (94) 400 
Ambient (94) 400 
104 400 
104 400 
104 400 
104 400 
104 400 
104 400 
104 400 
Ambient (73) 100 
Ambient (74) 100 
59 100 
59 100 
EY, 100 
59 100 
59 100 
59 100 
59 100 
Ambient (74) 250 
Ambient (74) 250 


Target 
Relative 
Humidity,° 
% 
60 
60 
90 
90 
Ambient (14) 
Ambient (12) 
Ambient (16) 
30 
30 
60 
60 
90 
90 
Ambient (12) 
Ambient (17) 
30 
30 
30 
60 
60 
90 
90 
Ambient (40) 
Ambient (39) 
30 
30 
30 
60 
60 
60 
60 
Ambient (37) 
Ambient (35) 


Air 
Velocity, 
ft/min Comments 
250 
250 
250 
250 
0 


0 


150 
150 
150 
150 
150 
150 
0 
0 
250 High initial mass 
250 
250 
250 
250 
250 
250 
0 
0 
40 
40 Low initial mass ? 
40 
40 
40 High initial mass 
40 Questionable test 
40 


Average 
Drop 
Size, 

pm 
348 
355 
333 
343 
279 
302 
296 
290 
304 
278 
303 
289 
309 
334 
341 
362 
327 
364 
353 
340 
338 
356 
201 
204 
225 
185 
191 
214 
234 
203 
204 
294 
302 


Overall 
Evaporation 
Rate, 
ng/s 


fee SubstenceweeeesNUTOCT Te ee 


223.9 
205.0 
94.1 
91.5 
45.4 
55.2 
41.4 
182.9 
187.3 
138.0 
185.0 
147.2 
97.4 
74.1 
69.4 
347.7 
286.6 
364.4 
269.4 
224.5 
128.2 
122.8 
15.5 
16.8 
49.4 
21.8 
21.5 
28.5 
37.1 
38.8 
29.4 
39.0 
46.0 
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Table D—1. Results of Droplet—Evaporation Tests (Page 10 of 10) 


ee a aamrre ana ear mae 


Target Target Average Overall 
Target Drop Relative Air Drop Evaporation 

Test Test Temperature,? Size, Humidity,” Velocity, Size, Rate, 

Substance Number 4e pum % ft/min Comments pm ng/s 
Thuricide/water 012593A 59 250 30 150 283 159.7 
Thuricide/water 012593B 59 250 30 150 291 143.7 
Thuricide/water 012593G 59 250 60 150 297 75.9 
Thuricide/water 012593H 59 250 60 150 296 105.3 
Thuricide/water 012593F Ambient (72) 400 Ambient (18) 0 349 70.6 
Thuricide/water 0125931 Ambient (74) | 400 Ambient (17) 0 352 73.3 
Thuricide/water 012693C  Ambient(72) 400 Ambient (16) 0 334 50.3 
Thuricide/water 012693A 59 400 30 250 352 215.9 
Thuricide/water 012693B 59 400 30 250 347 212.7 
Thuricide/water 012693D 59 400 60 250 348 135.9 
Thuricide/water 012693E 59 400 60 250 High initial mass 362 169.9 
Thuricide/water 012693F 59 400 60 250 354 158.4 





aThe number in parentheses for each test conducted at ambient temperature is the average measured temperature during the test. 


bThe number in parentheses for each test conducted at ambient relative humidity is the average measured relative humidity during 
the test. 


CThis mixture was a 25% mixture by volume of Sulfur 6L with WHO water. 
Othis mixture was a 50% mixture by volume of Thuricide 48LV with Milli-Q water. 
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PLOTTED RESULTS OF THE DROPLET-EVAPORATION TESTS -- 
OVERALL EVAPORATION RATE VERSUS AIR VELOCITY 
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APPENDIX F 


PLOTTED RESULTS OF THE DROPLET-EVAPORATION TESTS -- 
OVERALL EVAPORATION RATE VERSUS EXPERIMENTAL DROP SIZE 
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